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The military-developed curriculum materials in this 0 course 
package were selected by the National Center for Research in 
Vocational; Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies.. The purpose of 
disseminating these courses was to make curriculxjm materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

Tf^e course materials* were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the lilitaiy 
were deleted, copyrighted materials were either emitted or" appro- 
val for their use was obtained. These course packages contain 
curriculum resource materials whiph can be adapted to support 
vocational instruction and curriculum deve lopirent , 
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,an activity to increase the accessibility of 
military developed curriculum materials.^ 
• vocational and technical educators. t 

* 

This project, funded' by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast "Guard, Air Force, 
Army, Marine Corps and Navy. , 

Access to military curriculum materials is * 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of ■ 
Education and the Department of Defense. 

Jhe acquired materials are reyiewed by staff 
.<ind subject matter specialists, and courses 
deemed applicable, to vocational and tech* 
nical education are selected for dissemination. 

The National Centc r Research in 
^Vocational Educatkjn <s the UJS. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff; 

Wesley E. Budke, Ph;D., Director 
* National Center Clearinghouse 

Shirley A. Chase, Ph.D. 
'Project Director 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
£ach have been provided to the vocational 
Curriculum Coordination Centers* and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 
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Clerical 

Occupations- 
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Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management St 
_lSupetvisior^. 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination Center 
in your region for information on. obtaining 
materials (e.g,, availability and cost). They 
will respond to your requested irectly or refer 
you to an instructional materials agency 
closer to you. 
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The National Center for JResearch in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, - 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research t 

• Developing educational programs and 
products 

. • Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services 

• Conducting leadership development and 
training programs 
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Overvf^^ , Thirty One 

OVERVIEW ■ 

BASIC ELECTRICITY AMD ELECTRONICS .■■%[) 
-MODULE THIRTY ONE " ' ' v 

RF, IF., anch Video Amplifiers' 

In this module you will learn about different types of .amplifiers that operate 
at frequencies above and below the-audio frequency range- You will determine 
the characteristics of these amplifiers and study their operation. You will 
learn new terms and definitions, and you will apply your knowledge of basic 
amplifiers and electronics to troubleshoot them. 

This module has been divided into -four lessons: 

Lesson 1 RF, IF, and Video Amplifier Characteristics 

Lesson 2 RF Amplifiers 

♦ V 

Lesson 3 IF Amplifiers j 

■ * 

Lesson 4 Video Amplifiers 
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OVERVIE^ 
LESSON 1 ■ ;> 

RF, IF, and Video Amplifier Characteristics 



In this lesson you will be introduced" to different types of amplifiers that 
operate at frequencies above and below the audio frequency range. You will 
becocne fami 1 i ar with some important operating characteristics of these 
amplifiers. You will' learn to use amplifier frequency response curves. 
You also will learn how to find amplifier gain by using decibel conversion 
charts and graphs. 

The learning objectives of this lesson are: * 

TERMINAL OBJECTIVE CS ) : r 

31.1.52 When the student completes this lesson, (s)he will be able to 
IDENTIFY basic operating characteristics of RF, IF, and video 
amplifiers to include selecting definitions of terms, determining 
amplifier frequency response curve values, and determining 
amplifier voltage and power decibel gain, by selecting state- 
ments or values from a choice of four. 100™ accuracy is required.- 

ENABLING OBJECTIVE(S): 

* 

Wtien the student completes this lesson, Cs)he will be able to: 

31,1*52*1 DEFINE the general characteristics of an ampl i fier, ■ to include 

center frequency (fo), cutoff frequency (fco), A frequency response^ 
arjd bandwidth, which are shown in a frequency response curve, by 
r selecting the correct definition from a choice of four* 100% 
accuracy is required* 

DETERMINE the frequency response characteristics of an amplifier, 
given* its frequency response curve, by selecting the correct ■ 
statement from a choice of four* 100% accuracy is required* 

DEFINE the term "selectivity" as it applies to RF, IF, and video 
amplifiers by selecting the correct definition from a choice of 
four* 100% accuracy is required* ^ 

IDENTIFY the general operating characteristics of RF, IF, and 
video -amplifiers, including frequency range, selectivity,, and 
tuning, by selecting the correct statement from a choice of four* 
100% accuracy is required* 



31*1*52*2 
31*1*52*3 
31*1*52*4 
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31.1.52.5 



31.1.52*6 




CONVERT given aytflifier voltage and power gain ratios to decibels 
(dB), and vice^versa, given a decibel conversion chart/graph, by 
selecting the correct value(s) from a set of four choices. 100% 
accuracy \% required* 

DETERMINE total gain and output levels {in terms of voltage, 
power, or decibels) for a given single or cascaded amplifier 
circuit jvhen provided a decibel conversion chart/graph and input 
data, by selecting the correct value(s)' from a set of four 
choices* 100% accuracy is required* 



BEFORE'* YOU START Tt^IS LESSON, READ THE LESSON LEARNING OBJECTIVES'AND PREVIEW 
THE LIST OF STUDY RESOURCES* ON THE NEXT PAGE, >. 

) f 
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LIST OF STUDY' ^SOURCES 
y -LESSON 1 



owi ng 



RF, IF, and Video Amplifier Characteristics 

t ? 

To learn the rnaterial in, this lesson, you have, the option q^fhoosino, 
according to your experience and preferences, ary or all of^he follow 
study resources: -* 

Written lesson^ presentation in: * 

Module Booklet: \ m * 

Summary - 
Programmed Instruction 
Narrative 

Student's Guide: 

Summary 

Progress Check 

Additional Material(s); 

35 mm sound/slide Thirty One-1 "RF, IFfc^d Video Amplifier 
^ " Characteristics" 

Enrichment Haterial(s): ^^^-^ ^ 

NAVSHIPS 0967-000-0120 "Electronic Ci rcuit ^tr^rfflics Installati on 
and^Maj'ntenance . Book (NMB)' Naval Ship Engineering Center, Washington, 
- : U.S. Government Printing Office 1965. 



YOU MAY U$E ANY , OR ALL, RESOURCES LISTED ABOVE , INCLUDING THE LEARNING- 
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS- LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME. 
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SUMMARY 
' LESSON 1 

RF* IF* and Video Amplifier Char a cteristics 

RF* IF* and video amplifiers are important in communication and radar electronic 
equipment* Two major categories of information in a basic transmit-receive 
system are audio signals (20 Hz*to 20*000 Hz) and video signals (0 Hz to 6 
MHz)* Amplifiers you have studied were in the audio frequency response range 
and were designed to amplify about equally well any signal within that range* 

This lesson describes some important operating characteristics .of amplifiers* 
Recall that frequency response is expressed as two numbers* the uppSr Fco 
(cut~6ff frequency) and lower Fco* while bandwidth is expressed as the differ- 
ence between them. The amplitude of an output signal has its maximum (100%) 
gain ,at the center* or resonant frequency (Fo)* The upper and lower Fcos* or 
half-power points* define the two frequencies at which the output voltage 
amplitudes are reduced to 70,7% of the maximunf gain. 

These amplifier characteristics cart be presented in a frequency response curve 
as shown in Figure l t 




Figure I 

'* FRitHJENCY RESPONSE CURVE 
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In this example; the voltage output at Fo, equals .1 iolt input X gain of 10 > + 
or 1 volt* Therefore voltage output at the half-pov/er points equals .707 
^ volts. The frequency response is 31 Wz to 4 MHz and the bandwidth 1 MHz, 
Signal amplification outside of the' frequency resp6nse is normally considered 
as an unusable output, * 

RF amplifiers have about any frequency response characteristic arid bandwidth 
within the frequency range 30 kH* to 300 GHz <G is giga and means 10=*),. They 
are either untuned producing a broad bandwidth, or variable tuned pro?h'cing a 
narrow bandwidth over chosen center frequencies. The amplifier's selectivity 
separates and amplifies a chosen signal and excludes most others, „ 

IF amplifiers are basically fixed-^uned RF amplifiers with a relatively narrow 
bandwidth. The frequency range 1s similar to RF amplifiers. Video amplifiers 
are untuned with a frequency response from about 0 Hz to near 6 "MHz~antf are 
useful in amplifying square or sawtooth waveforms. 

In electronics, a measurement unit called the decibel (dB) is used to simplify 
solving such problems, as combining amplifier gains (i,e,, the ratio of output 
over input), .Voltage and power gains can be converted to. equivalent decibel 
values by the use of charts and/or graph*; as shown in Figure 2, 




O t C JO SO *0 tt> * 



OlCliCL* 



Figure 2 

decibel Chart/graph 

InspecMon of Figure 2 shows that voltage and power ^ratios convert to different 
decib* values, 

• 8 . 15 . 
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A typical problem which involves combining decibels is to find the total 
circuit voltage gain of several amplifiers connected in series, or "cascade", 
. as shown in F/igure 3. 




10 (VOLTAGE GAIN) X 2 (VOUAGE GAIN) « 20 (VOLTAGE GAIN) 

20 dB (VOLTAGE GAIN) + 6 .dB (VOLTAGE GAIN) = 26 dB (VOLTAGE GAIN) 



Figure 3 

CASCADED VOLTAGE AMPLIFIERS—VOLTAGE AND DECIBEL GAIN 

- -In the example, the total circuit voltage gain equals the product of the 

individual amplifier voltage gains or 20 as shown. If the individual amplifier 
voltage gains are first converted to their decibel values, the total circuit 
voltage gain equals the sum of the individual amplifier dB gains. The 
identical procedure of co&yerJ^Ag-Jjaiji^ and summing decibels can 

be used to find total circuit output power gain. 

■ * 

Another common decitfel application is to find an amplifier voltage or power 
. output signal, given the input signal and decibel gain* A diagram of a simple 
. . problem is showrr in Figure 4, 




OUTPUT =? VOLTS 



Figure 4 

.VOLTAGE OUTPUT VS INPUT USING OECIBLES 
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In this example, the (IB gain is converted hack to a voltage gain of 100. The 
product of 100 X 1 millivolt input 'equals the output, or 100 millivolts. The 
same procedure is followed to find an amplifier output signal, given the input 
signal and decibel power gain. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK .QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE' HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OP. MOST, OF THE LESSOR, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAMMED* INSTRUCTION 
LESSON 1 



RF, IF, and Video AmplyFiV Characteristics 



TEST FRAMES ARE 8, 16, AND 24. PROCEED'- TO TEST FRAME ( 8 FIRST AND SEE 
IF YOU CAN ANSWER THE QUESTION. FOLLOW DIRECTIONS GIVEN AFTER THE TEST 
FRAME. , ' 

(l^ Radio Frequency (RF), Intermediate Frequency (IF), and Video 
amplifiers are used in communication and radar equipments. Before you 
can understand some of the more important characteristics of ampli- 
fiers, you need to know how they function in electronic equipment- 



VOCE SOUNO^AVCS 




TOCE SOUNO VWVES 

-K)) % 



Figure 1 



TRANSMIT-RECEIVE SYSTEM 



A basic transmit-receive system is shown in Figure K Information such 
♦."as spoken words may be sent, t)r transmitted, between two points using 
radio waves. , A transmitter generates highly amplified radio frequency 
energy containing the information so that it may be sent over long 
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distances* This radio frequency, energy may be greatly weakened by the 
time it is picked up by' a receiver* The receiver then amplifies the 
desired radio frequency signals and converts them into the original Informa- 
tion that was transmitted* 

Radio frequency signals must be - at both transmitter and receiver 

so that communication may take place over long distances. 



amplified 



Two major categori es of information transmitted in a system are audio 
(sound) and video (image) signals. Examples of these are shown in Figure 2. 



Audio informatio n Video Information 



Voice Television Pictures 

. Music % Radar 

Code — 

Figure 2 

" . ELECTRONIC" INFORMATION , 

Audio signals contain frequencies in the /ange of the human ear, and range 
"from about 20 H2 to 20,000 Hz. Video. signals contain frequencies required 
to convey images, and range from about ^1 Hz to 6 MHz. These two frequency 
ranges will have. an important* effect on the atfpl if ier -ci rcuits used to send 
and receive these signals. 
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Audio signals contain frequencies in the range of Hz to 

Hz, while video signals contain frequencies in the range of 



Hz^feo MHz* 

20, 20,000 r 0, 6 



r3.J Amplifiers must be able to amplify the highest and lowest frequencies 
contained in the audio or video signals or a loss of information may ' 
result. The amp r l if ierts^yotT studied in earlier modules were designed to 
amplify signals in the audio range (20 Hz to 20,000 Hz). This means 
that those amplifiers had a frequency response of 20 Hz to 20,000 Hz, 
and therefore could amplify just about equally well any signal in that 
frequency range. V; - 

* - ' " ? x * ' 

An amplifier designed to amplify audio signals has a ^— :' 



in the range of 20 Hz to 20,000 Hz. 

- 



frequency response 



Now you will apply some of the terms you have learned to determine 
some important operating characteristics of amplifiers. Recall that in 
your study of resonance you learned that bandwidth is the lower Fco 
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(cut-off frequency) subtracted from the upper Fco* The basic difference 
between frequency response and bandwidth is that frequency response is 
always expressed as two numbers which are the upper Fco and lower Fco, 
while bandwidth is expressed as the frequency differe nce between thfi' 
upper and lower Fco's* 



Bandwidth is the subtracted from the 

* 

- T^- 



lower Fco* upper Fco 



^5^) Generally speaking^ an amplifier has an output signal that is 
unchanged from the input signal except for amplitude and phase. The 
amplitude of the output signal is maximum for a particular amplifier at 
the £enter s or resonant^ frequency (Fo). This amplitude at Fo is equal 
to the amplifier input voltage at Fo multiplied by the amplifier gain* 
For example: 

Amplifier Fo * 3 MH? 

Amplifier gain =5 

Amplifier input at Fo = 2 V 

Amplifier output at Fo = t.mpl ifier input x gain v v 

= 10 V r ' * > 



If the amplifier gain is 10 and the input is .5 V at the center frequency 
of the amplifier^ the output voltage is ' • 



5 volts 
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If our input frequency vanes either above or below the center 
. frequency of * the amplifier^ the signal will still be amplified,, but to a 
lesser amount than (rtf Fo. Figure 3 shows the amplitude of the output 
voltages at various frequencies of the in^ut voltage* 



fco LOWER fco UPPER 



100% 



70-7% 



t 



OUTPUT 
VOLTAGE 





"\ i 

■ \ \ 




i\ 
1 \ 

i i A 1 
i i \ 




1 i \ 
i i \ 




1 ' \ 




i \ 
i \ 



FREQUENCY 



I 

fo 



Figurp 3 
FREQUENCY RESPONSE CURVE ' 

'Notice that at the center frequency the amplitude of the output voltage 
is at 100%. This means that the input voltage at Fo is amplified the 

"maximum amount for the amplifier. You- can see' that the ampl " ""utte of 
output voltages are lower when the input frequency is eithor higher or 
lower than Fo. You "also can easily find the two points where the 
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amplitude of the output vojtage is'only 70,7% as high as the amplitude 

► 

at Fo* These two 70,7% points, also called half-power points, define 
the upper *nd lower Fco's for the amplifier* 

I,f the input signal frequency is increased above the^center frequency 
of the amplifier until the output voltage falls to 70, 7% of maximum* 
the amplifier is operating at its upper Fco. If the frequency is 
decreased below the center frequency until the ontput falls to 70.7% of 
maximum* the amplifier is operating at its lower Fco* 

The two frequency points at which the amplitudes of the output voltages 
of an amplifier are 70*7% of the maximum amplitude at Fo, are called the 

and the 



upper Fco, lower Fco 
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(7?) The amplifier characteristics you have covered can be presented in a 

i 

frequeny response curve as shown in Figure 4* 



I FCO UPPER 
I 




FREQUENCY 



Figure 4 * 
FREQUENCY RESPONSE CURVE 

Frequency response curves will be common in your stu<ty of electronics* 

Figure 4 shows, a frequency response curve for an .anrplifier with *n 

lnput^of .1 volt and a gain of 10* The frequencies of the input 

voltage are divided along the horizontal (or X) axfs* The amplifier 

output voltages are divided along the vertical (or Y) axis* The curve 

of the amplifier output shows the output voltages which go with dif- 

ferent frequencies of the input voltage* Recall that the maximum 

output for amplifiers * gain X input voltage at Fo; In this example* 

the maximum output = 10 X *1* volt, or 1 volt* Now you can see that the 

upper and Jower Fco's* or half-power points* are located at the fre- 

* * t 

quency points on the response curve at which the output voltage is only 
* * 

70*7% of the output voltage at'the center frequency* In this example, 
'70*7% of the maximum output voltage - * 707 X l volt, or * 707 volts* 
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\ 

Upper and -lower Fco's are found first by locating the .707 volt division 

point on the vertical axis, and by reading across until the two points on 
t 

the response curve are found. Then read down from those points on the curve 
and identify the two frequency division points on the horizontal axis. 
These are the lower and upper Fco's for the amplifier, and are located at 3 
MHz and at 4 MHz. Recall that the bandwidth is the difference between the 
upper and lower Fco's. Therefore, for this example, the bandwidth * 
4 MHz - 3 MHz, or 1 MHz* You will notice that the amplifier may still 
amplify signals outside its bandwidth. However anything less than 70.7** of 
full gain is normally considered to be an unusable output. 
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In Figure 5 below, the shaded area represents the 



of the ampl ifien 



< 


- - 








bandwidth 







1 



Output 

VOLTAGE 



2.0V- 

""i.ev- 

1.6 V 
1.4 V 
1.2V- 
1.0 V- 
.8V- 

.6V- 
,4V- 
.2V- 

ov 




1 1 1 1 1 1 ' 

OMHz 2MHz 4MHz 6MHz 8MHz 10MHz 12MHz 14Mf^ 
FREQUENCY ■ 



Figure 5 
FREQUENCY RESPONSE CURVE 
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y THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR ANSWERS 

WITH THE ANSWERS GIVEN AT TH^ TOP OF THE PAGE FOLLOWING THE TEST QUESTIONS. 

REFER TO FIGURE 6. STUDY THE FREQUENCY RESPONSE CURVE FOR AN AMPLIFIER WITH' 

A GAIN OF 5 AND AN INPUT VOLTAGE OF .4 VOLTS, IN ORDER TO ANSWER THE QUESTIONS 

THAT FOLLOW. 

2.0 V- 

1.8V- 

11.6VH 
1.4 V- 
OUTPUT , 2V _ 
VOLTAGE 

1.0 V-| 




OMHz 2MHz 4MHz 6MHz 



1 1 T 

8MHz 10MHz 12MHz 14MHz 



1. 
2. 
3. 



^ .Figure 6 

The upper Fco for this amplifier is _ 
The lower Fco for this amplifier is _ 



The output voltage for this amplifier at the center frequency is 



4. The bandwidth for this amplifier is 



5. The output voltage at the half-power points is 



COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN ON THE TOP OF THE 
NEXT PAGE. ' 
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1. 8 MHz 

2. 5 MHz 

3. 2 volts 

4. 2 MHz 

5. 1.414 volts, or approximately 1.4 volts 



IF ALL YOUR ANSWERS MATCH, GO ON TO TEST* FRAME 16. OTHERWISE, 60 
BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST 
FRAME 8 AGAIN. 

(^9^ l\e amplifiers you have studied had a frequency response of 20 Hz 
to 20,000 Hz. Other types of amplifiers may have frequency responses 
above or below this level. Radio frequency (RF) amplifiers amplify any 
signals within the frequency range from 30 kHz to 30H GHz (G is pro- 
nounced Giga and means 10 9 ). These amplifiers may have just about 
any frequency response characteristics ami bandwidth within this 
frequency range. 

A circuit which amplifies a frequency or band of frequencies between 30 
kHz and 300 GHz can be called a/an amplifier 

radio frequency or RF 

(10J) The bandwidth of an RF amplifier, as with any amplifier, must be 
broad enough to amplify the lowest to the highest information frequen- 
cies contained fn the signal. For example, an RF amplifier i n a 
— eomiiiuN icsX ion radio receiver Resigned to reproduce voice frequency 
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radio transmissions would have a minimum bandwidth of about 3000 Hz. 
In contrast to this, an RF amplifier in a television set would have a 
minimum bandwidth of about 6 MHz to pass frequencies required for 
^picture information transfer. 



no response required - 



11.) An important term related to bandwidth size is tuning. Recall that 



an amplifier is designed to operate within a certain frequency range. 
Untuned RF amplifiers are used to amplify RF signals over a relatively 
wide bandwidth within their frequency range. Therefore untuned RF 
amplifiers will amplify about equally well any frequencies within their 
frequency range. 

What type of RF ampl i fier wil 1 amplify RF signals over a relatively 
wide bandwidth within their frequency range? 

a. tuned 

b. untuned ' ' t .- • 
b. untuned 




\ 
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12^ On the other hand, tuned amplifiers are used to amplify RF signals 
over a relatively narrow bandwidth within- their frequency range. In 
most cases, tuning is vaMabl e so you may choose any desired frequency 
within the frequency range to be amplified. This means^that with tuned 
RF amplifiers youpick a desired frequency and the amplifiers, due to 
the narrow bandwidth, will amplify that frequency and exclude most 
(Jthers, This ability to separate wanted from unwanted signals is 
cal.led selectivity . Both tuned and untuned RF amplifiers find many 
applications in radio, television, radar, and communication equipment. 

The ability fortuned RF* amplifiers to amplify a desired signal and 
exclude mos^t others is called 



selectivity 



^^ Intermediate frequency (IF) amplifiers are special types of tuned 
RF amplifiers, A major difference is that IF amplifiers are usually 
tuned to a fixed f requency wherea^-J3F anpl i fiers can be tuned to 
different frequencies within their frequency ranges, 

IF amplifiers usually have tuning, 

a- fixed , 
b, variable 

a, fixed ' . 
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(l^ The bandwidth of IF amplifiers, just as in tuned RF amplifiers, 
must be wide enough to amplify, or pass, the lowest to highest informa- 
tion frequencies contained in the signal at or abov^ the power 
points. Also, the bandwidth must be narrow enough so that unwanted 
frequency signals will be eliminated. Now recall that bandwidth 
represents the range of signals we want to amplify. We can say that IF. 
amplifiers provide large amounts of amplificatiort over a relatively 
narrow bandwidth. This roeanS that IF amplifiers are designed to pass 
desired signals th^t are relatively close to their center frequencies, 
^ Of course some equipment IF amplifier bandwidths may be wider than others 
because of the particular type of information to be amplified. Figure 7 
shows a list of common IF amplifier center frequencies, the range of 
bandwidths, and typical electronic equipment applications. The band- 
width and amplification characteristics of IF amplifiers make them 
important in the selectivity, sensitivity and gain of superhetero- 
dyne type receivers. * 



IF (center frequency) 
455 kHz 

4.5 MHz 
10.7 MHz 

30 MHz 
45 MHz 
60 MHz 



Range of B and widths 
2.5-20 kHz 

100 kHz 
10-200 kHz 

1-10 MHz 
3-5 MHz 
1-10 MHZ 
Figure 7 



Appl icataon 

FM/AM Broadcast 
and Communication 
receivers 

Television audio 

FM/AM Broadcast and 

Communication 

receivers 

Military and Commer- 
cial Radar . 

Television Picture-Video 
IF 

Military and Commercial 
Radar 



COMMON IF AMPLIFIER CHARACTERISTICS AN0 APPLICATIONS 
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IF amplifiers are usually designed to pass signals over a 
I 

bandwfdth relative £o their center frequency* 



a * narrow 
* 

b* broad 



a* narrow 



15^ Vfdeo amplifiers are untuned and usually have a frequency response 
from about 0 Hz (DC) to near 6 MHz, They are used in equipments that 
require amplification of waveforms that contain high and low frequency 
information such as square or sawtooth waves* Some equipments that use 
vfdeq amplifiers are radar, television and oscilloscopes* A common 
element jn all of these is the visual display of information* 



no response required" 
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1£) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN 
COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE 
PAGE FOLLOWING THE QUESTIONS. _ 

1, RF amplifiers usually amplify signals in the frequency range 
from . " /" 

a. 0 Hz to 20 Hz 

b. 0 Hz to 20 kHz 

c. 20 Hz to 20 kHz 

d. 30 kHz to 300 GHz ~ , 

2* Untuned RF amplifiers are r used to amplify over a 

bandwidth* - 
G a* narrow 

b* wide ' 

c* relative 
L 
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3. The ability of an amplifier to separate wanted from unwanted input 
signals is called 

a, selectivity U 

b, amplification 

c, bandwidth 

d, sensitivity 

4, IF amplifiers usually have 

a, variable tuning, wide bandwidth 

b, variable tuning, narrow bandwidth 

c, fixed tuning, low ga^n 

d, fixed tuning, high gain 



j 
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1- d. 30 kHz to 300 GHz ■ \. 

2. b. wide - 

ft- 

3. a. selectivity * . 
4/ d. fixed tuning, high gain v 



IF ALL YOUR ANSWERS MATCH GO ON TO TEST FRAME '24 OTHERWISE, GO BACK TO 
FRAME 9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 16 
AGAIN. 

t 

(v^ Often in electronics you will work with voltage and p6wer gains 

(and losses). ,A commorj, way to express gain (and loss) is the ratio of 

output , where output and input are expressed either in voltage or 
input * 

power. For exampje, if an amplifier has an output voltage of 1 volt with 

an input voltage of .2 volts, then the gain is 1 ^ t output % 0 r 5. 

.2 volts- input 

Therefore, we can say/chat the output voltage is 5 times greater than 
the input voltage, or that the ratio of output voltage to input voltage 
is 5 to 1. 

A common way to express amplifier gain is 

a. input x output 

b. input/output 

c. output/input 



c- output/input 
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For now we will talk only about gain* Often it is useful to know 
what is the combined voltage or power qain of several amplifiers 
working together* You will learn how to do this a little later on* 
But in order to make _a point, let us just mention that the answer 
requires multiplying voltage or power gain ratios* This multiplication 
can be a very clumsy procedure, and Is" unnecessary* A unit of measurement 
exists which changes the gain ratios into other* numbers which can be 
simply added-to find the answer* As you know, addition is easier than 
multiplication* The uhit we use is relate^ to the bel , named after the 
"^inventor of the telephone, Alexander Grcham Bell* However, in electron- 
ics, the bel often is too large to use in many applications* Therefore, 
we actually use the unit called the decibel which is one-tenth (1/10) 
of a bel* The decibel is expressed as the letters "dB** 

A unit of measurement in electronics which is an expression of the 
power or voltage ratio is called the . 



decibel (or dB) 
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19?) Voltage and power ratios* or gains* can be easily converted to 
their equivalent decibel '(dB) value by the use of charts and/or graphs. 
Figure 8 shows a typical dB chart and graph* 
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Figure '8 
DECIBEL CHArV/GRAPH 

To use the dB chart* first notice that vdltage ratios convert to 
different decibels than do power ratios. \For example* a voltage ratio 
of 2*£ (that is* output voltage is 2 times* greater than input voltage) 
converts to 6 dB* /A power ratio of 2*0 converts to only 3 dB* The 
nathemptical reason for the difference will not be mer^tioned* Just 
remember to read down the correct column on the chart in order to 
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find the voltage or power ratio you want to convert, and then read 
across to find the decibel unit. To use the- dB graph, f'irst find the 
power or voltage ratio you want to convert along the division points of 



the vertical, or "Y" axis. Then read across until you find the inter- 
section point with the "power 11 or "voltage" diagonal line, depending 
on whether you are converting a power or a voltage ratio. Then read 
down from^that point to the decibel unit along the division points of 
the horizontal, or "X 11 axis. For example, a voltage ratio of 100 
converts to a decibel unit of 40. A power ratio of 100 converts to a 
decibel unit of 20. 

Using either the dB chart or dB graph in Figure 8, find the decibel 
conversions for the following voltage and power ratios: 

a. voltage ratios - 10, 2.5, 200 

b. power ratios * 10, 2.0^30Q ■ 

* a to** **** * ** ********* * ***** * ** * ** * ** ****** *** * **< to** ot*-*» ****** * 4* **** 

t " 

: » ; — 

a. 20 dB, 8 dB, approximately 46 dB 

b. 10 dB, 3 dB, approximately 25 dB 



(20^ Now that you can convert gain ratios to decibels, let's see Row 
useful decibels are in solving some typical problems. A common problem 
is to find out what is the total voltage gain in a circuit containing 
more than one amplifier. Figure 9 shows a diagram of a circuit contain 




ing two amplifiers connected in series* or ''cascaded 1 '* 
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INPUT 





TOTAL OUTPUT 
VOLTAtiE GAIN 
- 20 



10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) ■ 20 (VOLTAGE GAIN) 

'/ > 

Figure 9 

* CASCADED VOLTAGE AMPLIFIERS - VOLTAGE GAIN 



The voltage gain ratio (VG in Figure 9) for the first amplifier is 10 
and for the second amplifier is 2, : , =. 

This arrangement gives a total circuit voltage gain equal to the ^ 
product of the individual amplifier voltage gains, or in this case a 
gain of 20. Now decibels c'ould also be used ta express this gain. 

Figure 10l|shows the* sam£ sfetrup including the decibel conversions for 
the voltage gain of each amplifier. 



PUT 





TOTAL VOLTAGE GAIN S 
TOTAL dB GAIN * 26 



dB= 20 ^ , dB = G 

10 (VOLTAGE GAIN) X 2 (VOLTAGE GArN) « 20 (VOLTAGE GAIN) 
20 dB (VOLTAGE G A!N) f 6 (VOLTAGE GAIN) s 26 dB (VOLTAGE GAIN) 



y Figure 10 ; w 

CASCADED VOLTAGE AMPLIFIERS - VOLTAGE AND DECIBEL GAIN 
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As an exercise use Figure 11 and verify that voltage gain ratios 
of 10. and 2 convert to dB gains of 20 and 6 respectively* Now the 
punch line is that the total circuit voltage gain in decibels equals 
the sum of the individual amplifier voltage gains in decibels, or 26 
dB, 

Use Figure 11 again and verify that the total circuit voltage gain ratio 
of 20 converts to a total circuit voltage gain of 26 dB* 
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Figure 11 
DECIBEL CHART /GRAPH 
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The total circuit voltage gain in decibels for the two cascaded ampli- 
fiers shown in Figure 12 is dB* 



JNPUT 




Figure 12 



25 dB 



^21^ You ,have learned to convert voltage gain ratios and power gain 
ratios to decibels u§ing charts and graphs* You have also learned to 
use decibels to find the total voltage gain in some siwpl6 circuits* 
Now let's try a problem in which you will be combining power gain 
ratios instead of voltage gaifl ratios* The procedure is 'the same. The 
only difference is that power gain ratios convert to different decibel 
numbers than do voltage gain ratios. The decibel conversion chart and 
graph are repeated in Figure 13* 
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Mentis 



Figure 13 
DECIBEL CHART/GRAPH 

Figure 14 shows a diagram of a circuit containing two cascaded amplifiers, 




TOTAL POWER GAINS £Q 
TOTAL dB POWER QAIN = 13 00 



10 <POWER GAIN) X 2 (POWER CiAlN) - *0 {POWER GAIN) 

10 dB (POWER GAIN) ♦ 3 dB (POWER GAIN) a 13 da (POWER GAIN) 

- _ Figure 14 \ 

CASCADED POWER AMPLIFIERS - POWER AND DECIBEL fiAIN 
The power gain ratio irrKigure 14 for the first amplifier is If), antl for 
the second amplifier is 2. The total circuit power gaiq, equals the product 
of the individual amplifier power yains, or in this ca£e a gain of 20, You 
will notice that decibels can also ^e used to express 
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this gain. Figure 14 also shows that the decibel conversions for the 
power gain ratios of 10 and 2 are 10 dB and 3 dB respectively. As an 
exercise, verify the decibel conversions by using Figure 13, Remember 
to read down the "power ratio 1 ! column on the dB chart; or read across 
to the "power gain 11 diagonal line on the dB graph. As you can see, the . 
total circuity power gain in decibels equals the sum of the individual 
aropl i fier power gains, in decibels, or 13 dB, Use Kigure 13 again and 
verify that the total circuit power gain ratio of 20 converts to a 
total circuit power gain 'of 13 dB. 

The total circuit power gain in decibels for the two cascaded amplifiers 
shbwn in Figure 15 is dB. 




Figure 15 



15 dB 
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(22^ You have learned to convert voltage and power gain ratios to 
decibels, and to combine decibels to find the total voltage and power 
gain in some simple circuits. One other type of problem is quite 
common. Suppose you are given an amplifier lji put in terms of voltage 
or' power, and are <Tlso gi ven the amplifier voltage or^ffbwer gain 
expressed in decibels . Your problem is to find the amplifier voltage 

output or power output. To make it easy, let's first solve a problem 
for voltage output. Figure 16 shows a diagram of a typical problem 
involving voltage output* ^ 



INPUT 



*1 MIUUVQIT 




OUTPUT VOUTAGE VOUTS 



V t G« — VOLTAGE GAIN = 40 dB 

Figure 16 

VOLTAGE OUTPUT VS INPUT USING DECIBELS 
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This amplifier has an input signal of 1 millivolt RMS, and a 40 dB 
^voltage gain. What is the voltage output? The 'answer is easy to find 
by using the dB gain chart or graph shown in Figure 17. 




Figure 17 
DECIBEL CHART /GRAPH 



First find the 40 dB entry down the middle column of the dB chart* Now 

read across to your left and find the voltage ratio related to 40 dl}, 

\which iti this example equals 100* Now recall that a voltage r^tio of 

100 means that the ratio voltage output *io(k Therefore, a little simple 

voltage input 

math shows you that voltage output - 100 X voltage input* In this example, 
voltage output equals 100 times 1 millivolt, or 100 millivolts. You can. 
also solve this problem by using.the dB graph. First find the 40 dB entry 
along the horizontal axis* Ther read up until you find the "voltage gain 11 
diagonal line. Finally, read across to your left from that point and read' 
the ratio value .(that is, 100) found on the vertical axis* 
An amplifier has an input sfgnal of 2 millivolts and a 20 dB voltage 
gain. Using the dB chart or graph in Figure 17, the voltage output 1s 



- 20 millivolts output 
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£3J A similar problem looking for power output is shown in Figure 18, 




OUTPUT POWER -? WATTS 



p,G. - power Gain - 30 dB 
Figure 18 

POWER OUTPUT VS INPUT USING DECIBELS 

t 

This amplifier has aft input signal of 10 milliwatts and a power gain of 
30 dB. What is the output power? Again the solution is easy. First 
find the 30 dB value on the dB chart of thQ dB graph in Figure 17. If you 
use the dB chart, read across to your right to find the power ratio, . 
which in this example equals 1000. If you -use the dB graph* read up 
until you find the "power gain" diagonal line, and. then read across^ to 
your left to find the ratio value 'on the vertical axis* U% now know 
that the ratio of output to input is 1000. Therefore the power output 
equals 1000 x 10 millwatts or 10,000 milliwatts. However, since 
"nilli" is the metric prefix for the ratio 1/1000, the most correct way 
to st?te the power output would be 10 watts* which is 10,000 divided by 
1000. 

An amplifier has an input signal of 5, milliwatts and a 20 dB power 
gain. Using the dB chart or graph in Figure 17, the power output 1s 



500 milliwatts (or .5 watts) output 



41 




ELECTRICITY 
COMMANDS 



RESPECT 
NOT 
FEAR 




CARELESSNESS KILLS 



42 



43 



P.I. 



Thirty One-I 



@ THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR ANSWERS 
WITH THE ANSWERS GIVEN AT THE TOP' OF THE PAGE FOLLOWING THE TEST QUESTIONS. 
WHERE NEEOEO USE THE OECIBEL CHART/GRAPH SHOWN IN FIGURE 19 TO FINO YOUR ANSWERS. 
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Figure 19 
OECIBa CHART /GRAPH 

A voltage ratio of 100 converts to the same dB value as does a 
power ratio of 100, 



a, 



true 
false 



2, A voltage ratio of 1,40 converts to 

3. A power ratio of 4,0 converts to 



dR, 



dB. 



\7 



4* AupMfiors A and R are wirod in sf*rli*s (that i *; » cascaded) in a 
circuit. Amplifier A has a yoUiKlf >ki in ol iti dlt* Amplifier H hts a 
voltage gain of 10 dB. JThe total circuit amplifier gain- is 
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J 

5. Amplifiers A and B are wired in series (cascade) in a circuit. 
Amplifier A has a voltage gain ratio of 100. Amplifier B has a voltage 
gain ratio of 2. 1 The total circuit amplifier gain is 

' dB. 

6. An amplifier has an input power of 10 milliwatts and a power qain 
of 3 dB. The output power for this amplifier is milliwatts. 



44 

51 



P.I. 



Thirty One-1 



1. 


b. false 


C. 


approximately 3 dB 


3. 


6 dB 


4. 


40 dB 


5. 


46 dB 


6. 


20 t nril liwatts output 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE 'COMPLETED THE PROGRAMMED 

INSTRUCTION FOR LESSON 1, MODULE THIRTY ONE. OTHERWISE GO BACK TO FRAME 17 

AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 24 AGAIN. \ 

AT THIS POINT, YOU MAY TAKE THE LESSON. PROGRESS CHECK, IF YOU ANSWER 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE LESSON TEST. IF YOU lNCOKi<tCTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES Sfl THAT YOU 
CAN RESTUDY THE PARTS OP THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT ' 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS fIF 
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST JTEMS ON THE PROGRESS CHECK CORRECTLY, 
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NARRATIVE 
; * ■ LESSON 1 

RF> 1F» and Video Amplifijer Characteristics 

RF, IF, and video amplifiers have important functions in communication ^ 
and radar electronic equipment. An application in communication is 
shown in the basic transmit-receive system diagram in Figure 1. 



VOICE SOUND WAVES 




race SOUND WAVES 



Figure 1 
TRANSKIT-RECEIVE SYSTEM 



Information such as spbken words may be transmitted between two relatively 
distant pointy using highly anplified radio frequency energy waves containing 
the information, A receiver then amplifies the desired radio frequency 
signals and converts them into the original information that was transmitted. 

Two major categories of information transmitted in a system are audio and 
video signals. Examples of these are shown in Figure 2. 



* Hudio Informatio n 

Voice 
Music . 
Code 



Video Information 

Television Pictures 
Radar 



Figure 2 
ELECTRONIC INFORMATION 
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• » 
This lesson describes some important operating characteristics of amplifiers. 
In your study of resonance you learned that frequency response is expressed 
as two numbers* the upper Fco (cut-off frequency) and lower Fco* while 
bandwidth is expressed as the- frequency difference between these two 
numbers. For example* an amplifier is said to have a frequency response from 
8 MHz to 9 MHz but a bandwidth of t 1 MHz. Within the frequency response of an 
amplifier* the amplitude of the output signal is at maximim (or 100%) at the v 
center* or resonant frequency (Fo).: The maximum amplitude at Fo equals the 
amplifier input voltage at Fo multiplied by the amplifier gain. For exanvple: 

Amplifier Fo = 3 MHz - 
Ampl ifier ga In = 5 

Amplifier input at Fo = 2 V 

Amplifier output at Fo = amplifier input x gain = 10 V, 



Audio signals contain frequencies ranging from about 20 Hz to 20*000 
Hz* Video\signa1s contain frequencies ranging from about O'Hz to 6 
MH^, 1\ese two frequency ranges have an important effect on the 
ampHfier circuits in transmitters and receivers* Amplifiers you 
have studi^dj in earlier modules were irvthe audio frequency response 
range* and were designed to amplify about equally well any signal 
within that range* Amplifiers will still amplify input signals^ 
above and below the center frequency* but at less than maximum gain, { 

Figure 3 shows an amplitude curve of output voltages at various 
input frequencies around Fo, 



fco LOWER fco UPPER V 



ft 




FREQUENCY — — 9+ fo 



Figure 3 
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The amplitude of the output voltage is at ma-ximum (100%) at Fo, but is 
reduced to 70*7% of maximum at the upper and lt>wer Fco, or half-power 
points. The half-power points indicate the two frequencies at which 
the amplitudes of the output voltages are 70*7% of the maximum amplitude 
at Fo, 



These amplifier characteristics can be presented in a frequency response 
curve as shown in Figur'e 4^ 




Figure 4 

FREQUENCY RESPONSE CURVE ' 

Such curves wrilT be common in your study of electronics* In this 
example, the maximum voltage output at Fo equals *1 volt input X a 
gain of 10, or 1 volt. The output voltage at the half-power points 
equals *707 votts* The two input frequencies which produce this 
output voltage are 3 MHz and 4 MHz* Therefore, the frequency response 
for this amplifier is 3 MHz to 4 MHz and the bandwidth is 1 KHz* Any 
signal amplification outside of the frequency response is normally 
considered an unusable output. 



48 

55 



Narrative 



Thirty One-1 



Radio frequency amplifiers may have just about any frequency response 
characteristic and bandwidth within the frequency range from 30 kHz 
to 300 GHz (G is pronounced giga and means 10^)* Untuned RF amplifiers 
amplify RF signals over a 1 relatively wide bandwidth, whereas tuned RF 
amplifiers amplify RF signals ove/* a relatively narrow bandwidth* Tuning 
of RF amplifiers is variable which allows you to choose the frequency to 
be amplified. within the frequency range* The amplifier selectivity will 
amplify the chosen signal and exclude most others. 

Intermediate frequency (IF) amplifiers ar^ basically tuned RF amplifiers 
with fixed rather" than variable tuning* IF amplifiers in AM receivers have 
a relatively narrow bandwidth, which means that they are designed to pass 
desired signals that are relatively close to their center frequencies* The 
center intermediate frequency has a wide range of possibilities, but each IF 
amplifier has a relatively narrow bandwidth when compared to its cwn center 
frequency. 

Figure 5 shows a list of common IF amplifier center frequencies, the 

range of bandwidths, and typical electronic equipment applications. 

The bandwidth &nd amplification characteristics of IF amplifiers make them 

important in the selectivity, sensitivity, and gain of superheterodyne type 

receivers* 

IF (center frequency ) Range of Bandwidtfts " Application 

455 kHz 2.EW20 kHz FM/AM Broadcast 

ft Communication 
receivers 

4*5 MHz 100 kHz * Television audio 

10.7 MHz 10-200 kHz FM/AM Broadcast 

and Communication ■ 
" receivers 

30 MHz 1-10 MHz .Military and 

Commercial Radar 

45 MHz 3-5 MHz Television Picture- 

Vi'deo IF 

60 MHz 1-10 MHz Military and 

Conmercial Radar 



Figure 5 

COMMON IF AMPLIFIER CHARACTERISTICS AND APPLICATIONS 
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Video amplifiers are untuned and usually have a frequency response from 
about 0 Hz (DC) to near 6 MHz* Th^y are used In equipment that require 
amplification of waveforms that contain high and low frequency information 
such as square or sawtooth waves. Some equipments that use video amplifiers 
are radar, television and oscilloscopes, 

One common way to express voltage or power amplifier gain is the ratio of 
output divided by input. As an example, 1 volt output divided by ,2 volts 
input equals a gain of 5, Often it is useful to know the combined voltage 
or power gain of several amplifiers in a circuit. In electronics, the 
procedure for combining gains is greatly simplified by. fi rst" converting 
"each amplifier gain to a measurement unit called the decibel (dB). The 
decibel equals 1/10 of a bel. The basic unit is named after Alexander 
Graham Bell, and is called a "bel". 

Voltage and power ratios, or gains, can be easily converted to'their 
equivalent decibel (dB) value by -the use'of charts and/or graphs* Figure 6 
shows atypical dB chart and graph. ~> 
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DECIBEL CHART/GRAPH 



Note that voltage ratios and power ratios convert to different decibel 
values. To use the dB chart, locate the voltage or power nain you wish to 
convert under the "voltage ratio 11 or "power ratio" column, and read across 
to the decibel value in the center. To use the dB graph, first locate the 
gain ratio along the vertical axis, and read across to the correct diagonal 
line* Then read down to the decibel value on the horizontal axif** Tor * 
example, a voltage gai^ of 100 converts to 40 dB and a power gain* of 100 
converts .to 20 dB. 
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Figure ,7 shows a diagram of a circu-it containing two amplifiers connepted 1n 
series, or "cascaded", -That is, the collector (plate) of the first stage is 
connected to the base (grid) of the second stage* 

t 



INPUT 





TOTAL VOLTAGE GAIN - 20 
' TOTAL (JBjGAIN = 20 OB 



dBe20 ^ dB£ C 

10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) * 20 (VOLTAGE GAIN) 
J 20 dB (VpLTAGE.GAIN) + 6 dB ( VOLTAGE GAIN) = 26 dB (VOLTAGE GAIN) 



Figure 7 

CASCADED VOLTAGE AMPLIFIERS VOLTAGE AND DECIBEL OAIN 



The voltage gains shown in Figure 7 are 10 and 2, respectively* The total 
circuit, output voltage gain equals the product of the- Individual amplifier 
voltage gains, or 20 in this example* If the individual amplifier voltage 
gains are first converted to their decibel values of 20 dB and 6 dB using 
the decibel charts/graphs, the total circuit output voltage gain in dB 
equals the sum of the individual amplifier dB voltage gains, or 26 jdB* the 
decibfel chart/graph verifies that the total voltage gain ratio of 20 converts 
to 26dB, ^ , 

The same procedure is used tc find the total power gain in cascaded circuits 
as sHown in Figure 8. -* 



INPUT 





TOTAL POWER GAINS 20 
TOTAL dB POWER GAIN «13 06 



tO (POWER GAIN) X 2 (POWER GAIN) - 50 (POWER GAIN) 

10 (POWER GAIN) ♦ 3 dB (POWER GAIN) = 13 dB (POWER GAIN) • 

Figure 8 * 
' CASCADED POWER AMPLIFIERS-POWEP. AND DECIBEL GAIN, 
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The power gains (PG in Figure 8) ere ID and 2, respectively. The total 
circuit output power gain equals the product of the individual amplifier 
gains (i ,e, , 20), or the sum of the individual ampl if ier dB gains (i*e, , 
13 dB), Figure 6 again verTfies that the total power gain ratio of 20 
converts to 13 dB, 

Another , common application of -decibels is to find amplifier voltage 
or power output sigfnal levels, given the input signal and decibel gain. 
Figure 9 shows a <^agram of a typical problem involving voltage output* 



1 MILLIVOLT 




Figure 9 

VOLTAGE OUTPUT VS INPUT USING DECIBELS 



This amplifier has an input signal of I millivolt RMS, and a 40 dB voltage 
gain. Referring to the dB chart or graph in Fijgure 10, 40 dB converts b^ck 
to a voltage ratio of 100,. This gain of 100 me&ns that the output signal is 
100 times greater than the input signal. Therefore, the voltage output 
equals I millivolt X 100, or 100 millivolts. 
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DECIBEL CHART/G3APH 
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Figure n shows ia similar problem Involving power output. 




INPUiy h | _ > — »■ OUTPUT POWER =? WATTS 

10 MILLIWATTS 

P.G. * POWl-R GAIN = 30 dB 

Figure II 

POWER OUTPUT VS INPUT USING DLCIBELS 

This amplifier has an .input signal of 10 milliwatts* and a 30 dB power gain. 
Again referring to the dB chart or graph in Figure in* 30 dB converts hack 
to a power ratio, of 1000. The power output equals 10 milliwatts X 1000* or 
10,000 mil If watts* jor 10 watis. 

That suns up dB for this lesson. Of course. there are other applications for 
dBs in electronics. You will learn more about these additional uses as you 
continue your^study of electronics. Good 'luck! 

AT THIS POINT* YOU MAY TAKE THE LESSON PROGRESS CHECK . IF YOU ANSWER ALL 
^ SELF-TEST ITEMS CORRECTLY* YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES i PARAGRAPHS* OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE - FAILED TO UNDERSTAND ALL* OR MOST* OF THE LESSON* SELECT 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF 
APPLICABLE)* OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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. OVERVIEW 
LESSON 2 

RF Amplifiers 



In this lesson you will learn the functions of RF amplifier components, % 
and some important operating characteristics of RF amplifiers* You w^l be 
able to look at RF amplifier diagrams and identify the types and function 
of transformer couplings* You will understand how important the resonant 
circuit property called "Q" is to amplifier operation* You will become 
familiar with the function of neutralization components* You will learn the 
differences in operation -between the classes of amplifiers. You will 
understand how thr tank circuit flywheel effect shapes amplifier output 
waveforms* You will become acquainted with the functions of the sweep 
frequency generator, and you will determine amplifier frequency response 
curve characteristics using test equipment. 

The learning objectives of this lesson are: 

TERMINAL OBJECTIVE(S): 

31*2*53 When the student completes this lesson (s)he will be able to 

IDENTIFY the component functions and operating characteristics of 
RF amplifier circuits* including tyftes of input and output 
transformer coupling, factors affecting and affected by Q in 
Cejonant circuits, response characteristics of different classes, 
of amplifier operation, and one method for testing the frequency 
response of an "amplifier*, by selectino staterents from achoice 
of four, inn** accuracy is reonired, . 

ENABLING OBJECTIVE(S): 

When the student completes this lesson, (s)he will be able to: 

31*2*53*1 IDENTIFY the components which accomplish tuning in a tuned, 
transformer-coupled RF amplifier circuit, given~a schematic 
diagram* by selecting thecofrect component(s) from a set of four 
choices* 100% accuracy is required* 

31*2*53*2 IDENTIFY the type of tuning ('single, ganged, capacitive, inductive) 
used in a tuned* transformer-coupled RF amplifier circuit, given 
a schematic diagram* by selecting the correct type from a choice 
of four* 100* accuracy is required* 

31*2*53*3 IDENTIFY or CALCULATE the effect of changes in Inductive reactance, 

capacitive reactance* or resistance on the Q of a coil or tank 

circuit* by selecting the correct statement or value from a 

choice of four* 100% accuracy is required* 
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31 9 53 a IDENTIFY or CALCULATE the effect of changes in Q on the bandwidth 
31.2.53.4 i D f E ^ F a Y nk °^ utti . b y selecting the correct statement or value 
from a choice of four. 100% accuracy is required. 

31 2 53.5 IDENTIFY the effect of loading on the Q of a tank circuit by 
\selectirtg the correct statement from a choice of four. 100% 
accuracy is required. 

31 9 S3 6 IDENTIFY the function of components and circuit operation (including 
31.2.53.6 IDEM [1FY thj n f , n a tuned RF amplifier circuit by 

selecting the correct statement from a choice of four. 100% 
accuracy is required. 

3i 2 53 7 IDENTIFY the conduction time, operation, output waveforms, .and 
3 " 2 ' 53,7 relative 'efficiency of class A, B AB, and C 

the correct amplifier class, waveform, or statement from a choice 

of four. 100% accuracy is retired. 

31 9 S3 ft IDENTIFY the effect of adding tuned tanks to- transistor outputs 

31.2.53.8 D NTIFY the^effe ct ^ ^ ^ c r F amplifier circuits by 

selecting the correct statement from a choice of four.. 100% 
accuracy is required, -■ 

31 2 53.9 IDENTIFY the sweep frequency generator method of testing the 

31.2.53.9 iulnu ^ an)plifier by se iecting a the correct 

statement from a choice of four. 100% accuracy is required. 

31 9 53 10 MEASURE and COMPARE frequency response curve characteristics of 
an RF amplifier, given a training device, circuit boards test 
- . .- equipment and proper tools, schematic diagrams and a job program 

• containing "references for comparison. Recorded data must be 
' within limits stated in the job program. 



BEFORE IttU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW 
THE LIST OF STUDV RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON 2 

RF Amplifiers 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources. 

Written Lesson presentation in: 

Module Booklet: 

Summary' 

Programmed Instruction 
Narrati ve 

Student's Guide: . 



Summary 

Progress .Check - — 
Telonic 1232A Sweep Generator I.S. 

Job Program Thirty-2 M RF Amplifiers J and the Sweep Frequency Generator" 
Additional Material(s):^ 



Enrichment Material (s): 

NAVSHIP 0967-000-0120 "Electronic Circuits" Electronics Installation 
and Maintenance Book (EIMB) Naval Ship Engineering Center, Washington, 
ITX.: U.S. Government Printing Office 1965. 

NAVSHIP 0967-LP-ODO-0130 "Test Methods and^Practices" Electronics 
Installation and Maintenance Book (EIMB) Naval Ship Engineering Center, 
Washington, U.C.": U.S. Government Printing Office 1970. 



YOU MAY USE ANY, OR ALL, RESOURCES LISTE0 ABOVE, INCLUDING THE LEARNING 
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIREH 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME* 
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SUMMARY. 
LESSON 2 

RF Amplifiers 

Amplifiers dre called RF amplifiers only because they have untuned o** 
tuned input and output coupling with a frequency response in the 
KF range* Tuned coupling is more common because we %re usually interest- 
ed in the RF amplifier's selectivity when we tun? to a specific station 
cri a radio receiver* 

Transformers can be made into tuned parallel resonant coupling circuits 
by placing a capacitor across either or both windings* An example 
using tuned coupling transformers in a basic amplifier circuit is shown 
in Figure 1* 




+ Vcc 



+ VBB 



Figure 1 
TUNED RF AMPLIFIER 



If all the resonant circuits are tuned to the same frequency, the t 
signal input to Ql and signal output from T2 will be maximum at that 
Fo* 
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Amplifier selectivity is directly related to the number of circuits tuned to 
tne same frequency in the amplifier's signal path. This relationship is 
showt, in Figure 2. 




Figure 2 

RF AMPLIFIER FREQUENCY RESPONSE CURVES 

The input and output coupling_^tAoks^:an be variable tuned at the same time 
if the capacitors or induetrtfrs are connected together, or "ganged". Figure 
3 shows a circuit with ganged variable capacitors. 



TUNING 
2_ 



+ VB8 




L3 L4 



T2 




OUTPUT 



+ VCC 



Figure 3 
GANGED CAPACITIVE TUNING 
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Capacitors . may be ganged by gears, pulleys, and most often by a ccmrr.on 
shaft. 

Figure 4 shows Schematics and a pictorial view of an individual induc- 
tive tuned RF transformer. 




CAN 



POWDERED IRON 
TUNING CORES" 

PfllMAflY 

CO^ 



SECONDARY 
COiL^ 



CONNECTING - 
PINS * 




ALUMINIUM' 
. , SCREENING 
r CAN 



BAKELtTE 
— FORMER 

and base 



— SH.VEBED-, 
MICA TUNING 
C&PACITOR 



Figure 4 
INDUCTIVE TONED RF TRANSFORMER 



The primary and secondary windings can be independently tuned. The 
entire unit is completely enclosed within a metallic shTeld. This 
device is very common in radio receivers and transmitters. 

Transformer coupling is inefficient for higher RF signals. To get 
around this problem,*!:!* modified coupling circuit in Figure 5 retains 
the selectivity advantages of^the parallel resonant circuit, C3 
provides additional coupling between LI and L2. 




Figure 5 
CAPACIT1VE COUPLED TUNED TANKS* 
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The g of an inductor, tank, 6r loaded circuit expresses the relationships 
between inductive reactance (XL), capacitive reactance (XC), and 
resistance (R)* The Value Q, br quality, represents the ratio^of . 
'■energy stored/energy used 11 * Figure 6 shows the inductor equivalent 
for XI and Rc (coil resistance). 



Xt- 500 -n. 
O *-nr>nn^^vvsMA* o 

R c = ZOSL 

Figure 6 
INDUCTOR EQUIVALENT 

The formula for Q of a coil is Qcoil - XL divided by Rc, or ZB in the exampl 
Figure 7 shows a simple LC tank circuit* 




TANK CIRCUIT 



In the tank, both XL arid XC are equivalent expressions for energy 
stored, Therefir^ the formula for Q of the tank is Qtank * XL (or XC) 
divided by Rc, or 25 in the example* 
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bandwidth can be determined by the formula BW = Fo divided by Q tank* 
The relationship between the Q of a'tank and bandwidth can be seen in 
the tank circuit diagram and tank frequency response curve in Figure 8* 



IOOO kHz 




Figure 8 
TANK Q vs BANDWIDTH 



The figure shows a 40 kH2 bandwidth* You can calculate the bandwidth 
by plugging the circuit diagram values into the formula for Q and 
'bandwidth* In the example, Q equals, 25, and bandwidth equals 1000 kHz 
, divided by Q, or 40 kHz; The steep sides, or skirts, on the frequency 
response curve indicate that the Q of the tank produces high selectivity, 
If the coil resistance in the tank increases while XL, XC," and Fo 
remain constant, the Q wc^ld lower and the bandwidth would widen* Coil 
resistance can be increased by winding coils of the same-XL with 
smaller diameter wire* 

Figure 9 shows a loadecP circuit which includes a tank, switch, and 
parallel load (Rp).' ; 



XL 
50011 



SWITCH 




5KJ1 



Figure 9 
LOADED CIRCUIT 
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Whtiii the switch is open, the Q of the unloaded tank is expressed by the ' 
familiar ratio XL (or XC) divided by Rc, or 100 in the example. When 
trie switch is closed, the Q of the loaded tank circuit is Q ckt = Rp 
civided by XL (or XC), or 10 in the example* The Q of the circuit will 
La lower when a load is placed on a tar;k than the Q of the tank without 
a load* In wideband RF amplifiers, ''swamping 1 ' resistors sometimes are 
placed across tank circuits to purposely lower the Q of the circuit and 
widen the oandwidth. 

Figure 10 shows a typical RF amplifier input stage in a broadcast band 
radio receiver. 



TUNING 
INPUT ' ? 




+ VBB 



Figure 10 
TYPICAL TUNED RF AMPLIFIER 



H2 and K3 form a voltage divider to provide forward bias for Ql, C3 
places the bottom of L2 at RF ground potential and ensures all signal 
development is across L2, TI is a step-down transformer with the low 
impedance winding L2 connected to the base of Ql* This impedance match 
provides for maximum energy transfer between the antenna and base of 
wl» Jnd also preserves the Q of the LI-CI tank, 

*v:n :ne v »mj selectivity of tank -3-C2 are preserved in a similar rwrmer 
Trie technique of lapping L3 provides a godd impedance match between the 
collector of Ql and tank L3-C2, Therefore maximum energy transfer occurs 
between the output of Ql and the input to the following stage* Note that 
V bD and Vcc are often one and the same source* 

In Figure 10, tank LI- CI selects one of the manv frequencies received by 
the antenna. The signal then is coupled to L2, fed into the base of QI, 
amplified, and coupled by 12 to the next stage, 
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4* 



Figure 11 shows one of the many different ways the .amplifier circuits 
in •Hyure 10 can be drawn. tJ 

— VCC 




INPUT 



^TUNING 

Figure 11 

TUNEO RF AMPLIFIER 



OUTPUT 



\ 



/77*-CHASSIS GROUND 



One minor difference is that the tank L3-C2 in Figure 11 is grounded on 
one side" allowing easy attachment of the capacitor frame to the chassis, 

Transistors in tuned RF amplifiers have an internal regenerative 
feedback circuit which may cause oscillation at the higher frequencies. 
This internal regenerative feedback path is shown in the shaded area 
of Fiyure 12. 




Figure 12 
TRANSISTOR • INTERNAL FEEOBACK 
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We can neutralize this internal feedback, and orevent oscillation, by connec- 
ting an external feedback circuit which produces a voltage equal in amplitude 
and onposite in polarity to the internal feedback voltage. Figure 1? shows 
two types of amplifier neutralization circuits, each labeled Cru 




Figure 13 



TYPICAL NEUTRALIZING CIRCUITS 



RF amplifiers are designed to- take into consideration any "stray 
reactances 11 .at high frequencies caused by the position of wires and 
components in relation to the chassis. The capacitances Co and Cin in 
Figure 14 are examples of stray reactances* 




Figure 14 

*■ 

REACTANCES IN RF AMPLIFIER CIRCUIT 
66 
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You must be neat and cautious when you repair a circuit so that replaced 
components will be positioned as they were before repair* Otherwise 
you inay cause a frequency change or oscillation, in the amplifier* * 

Amplifiers can be biased to operate either Class A, B, AB, or C, 
Fiyure lb shows the signal input, transistor conduction waveform and 
time, and signal output for one cycle in Class A and Class B .common emitter 
(CE) amplifiers with resistive loads. 



I 
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IC 



CONDUCTION 
TIM£ * 
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360 c 




Eout v ce)t — T 



360* 



Figure 15 
CLASS A OPERATION 




360* 



INPUT 



IC 

0 



I 



CONDUCTION 
TIME 



- 360* • 

COLLECTOR 
CURRENT 



VCC.I 




OUTPUT 



Figure 15 
CLASS 6 OPERATION 



In Class A amplifiers, the forward bias is set high enough so that the 
transistor conducts over the entire input cycle. In Class B amplifiers, 
■the bias is set near zero which causes the transistor to conduct for 
about half the input cycle. This produces a clipped, or distorted, 
output siynal. The reduced conduction time makes Class B amplifiers,'; 
uore efficient than Class A amplifiers. 
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Figure 16. shows the operation for Class AB and Class C amplifiers with 
resistive loads- 



In Class AB amplifiers, the bias is set to 'cause the transistor to 
conduct tor between 1M" and 360° of the input cycle. Class AB amplifiers 
have less oulpul distortion, but lower efficiency, than Class B amplifiers. 




CURRENT 

Figure 16 

CLASS AB OPERATION 




INPUT COLLECTOR OUTPUT 

CURRENT 



Figure 16 
CLASS C OPERATIONS 

In Class C amplifiers, the reverse bias causes the transistor to conduct 
for about 120° of the Input cycle. 
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Class C amplifiers have the-greatest output signal distortion, but the 
yreatest efficiency of the four operating classes. Figure 17t shows an 
application of a Class C amplifier circuit. 



■ in 




Figure 17 
CLASS C RF AMPLIFIER 



The actual output wave in Figure 17 is not the expected clipped wave 
which is characteristic of Class C RF amplifier circuits. The flywheel 
effect of the tank produces' a damped sine wave output signal for each current 
pulse from the transistor. In Class C RF amplifier circuits, the tank 
receives the current pulse as shown in Figure 18. 



E IN TO AMPLIFIER 



I PULSE TO TANK 





E OUT FROM TANK 



j Figure 18 
TANK OUTPUT FROM CLASS C AMPLIFIER OPERATION 
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The repeated current pulses change the damped output wave (shown by the 

dotted line) to resemble the reasonably good sine-wave (shown by the 

-solid 1 line). The flywheel effect is often used in Class AB, B, and C 
RF/IF amplifiers to provide a non-distorted sine wave output. 

Amplifier efficiency is inversely related to the amount of operating 
power* and therefore, the amount of operating current. Class C ampli- 
fiers are the most efficient, and ,are used in applications which 
require large amounts of output power such as the final output amplifier 
of a ratio transmitter. 

One method to fr test an amplifier's frequency response is to injedt each 
frequency value from a standard signal generator into an amplifier, and 
then graph each output signal as displayed on an oscilloscope, A more 
efficient and accurate test method is to use a sweep frequency generator 
as inpgt to the amplifier, and then directly observe the frequency 
response cgrve output on the oscilloscope. The sweep frequency genera- 
tor produces a variable FM signal that sweeps back and forth over a 
.section of the frequency spectrum. 

Figure 19 shows a typical sweep frequency generator/oscilloscope 
set-up, ■ 



SWEEP 

FREQUENCY 

GENERATOR 




VARIABLE RF 




SWEEP VOLTAGE 
Figure 19 - 

FREQUENCY SWEEP 




0 SCOPE 



The variable frequency signals from the generator are fed to the 
vertical input (Y) terminal of the oscilloscope. The CRT produces a 
rectangular display which .is a combination of the sine waves from the 
input frequencies, and is often called a "frequency sweep". The 
generator also produces a horizontal sweep sawtooth wave output that 
is synchronized with the variable frequency output signal. The 
horizontal sweep output is connected to the X terminal of the oscillo- 
scope. Since the oscilloscope inputs are synchronized, the CRT display 
is based on frequency and not on time. 
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A typical CRT display is shown in Figure 20. 




1 MH Z 

MARKER PIPS 



Figure 20 
FREQUENCY SWEEP WITH MARKERS 

In the figure, the frequency marker -pips show a sweep of 5 MHz on. 
either side of an Fo of 5 MHz. 

Fi'gure 21 shows a typical sweep frequency generator test set-up. 



SWEEP 

FREQUENCY 

GENERATOR 
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VARIABLE 




SWEEP 
VOLTAGE 



Figure 21 
SWEEP FREQUENCY GENERATOR METHOD 



O'SCOPE 
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In switch position #1, the CRT displays insert A. In switch position 
#2, the* rectifier-filter demodulator converts the CRT display, to the 
frequency response curve in insert B." 

You will have the opportunity to use the sweep frequency generator in 
the job program for this lesson. With this device, you will measure 
the frequency response of an RF V amplifier in the NIDA trainer. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAM RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSO.N, SELECT 
aftt USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRFCTLY. 
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PROGRAMMED INSTRUCTION 
LESSON 2 

RF Amp! ifiers 

TEST FRAMES ARE 6, 11, 20, 29, 36 AND 41* ^PROCEED TO TEST FRAME 6 FIRST 
AND SEE IF YOU CAN ANSWER THE QUESTIONS* FOLLOW DIRECTIONS GIVEN AFTER 
THE TEST FRAME* ^ 

You know that radio frequency (RF) amplifiers are circuits commonly 
used inmost electronic equipments* Some^uip^ent examples are radios, 
television sets, and radars. All the information you learned about basic 
amplifiers can be applied to, these circuits. For example, you can still 
use PNP or NPK transistors in any of the three basK configurations: 
Common Emitter, Common Collector, or Common Base. I n this lesson you 
will take a closer look at the operation of the input, conversion, and 
output sections of RF amplifier circuits* 



no response required 



^) You recall that the bandwidth of amplifiers must be wide enough to 
pass the highest information frequency ,in the signal* For example, video 
information requires a bandwidth of about 6 MHz, and audic information 
requires a bandwidth of about 5 kHz* Now amplifiers are called RF 
amplifiers only because they have a frequency response within the radio 
frequency range* The same basic amplifier can be set up to amplify 
whatever frequency response we desire* We change the frequency response 
by modifying the input and output coupling* 
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In amplifiers, we modify the input and output_ 
desired frequency responses. 



, to achieve 



coupl ing" 



We may use tuned or untuned coupling circuits in amplifiers. Tuned 
coupling circuits are far more common, and will be covered later oa in 
this lesson. For now, look at Figure I and see if you remember this type 
of circuit from your study of basic amplifiers. 





OUTPUT 
O 



+ Vcc 



+VBB 



Figure I 
BfiSlC RF AMPLIFIER 

The coupling devices Tl and T2 are untuned, air-core transformers; They 
will pass a wide band of radio frequencies. This would make the ampli- 
fier in Figure 1 an untuned RF amplifier. 

The RF amplifier in Figure I is (tuned/untuned) which allows it to pass a 
(wide/narrow) band of radio frequencies. 

a. tuned, narrow r 

b, tuned, wide 

c. untuned, narrow 

d, untuned, wide 



74 



v 



Si 



Thirty One-? 



d. untuned, wide " 

7^) When we amplify RF signal^, as in a radio receiver, we also are 

concerned with selectivity. In other words, we want to amplify only the 

frequency of the radfiTstation that, we select. Since a transformer is 

* 

actually two coupled inductors/we can put a capacitor across either or 
both windings, as shownjn Figure 2, to make the coupling circuit 
selective- 



a. b. a 




Figure --2 
TUNED TRANSFORMER COUPLING 
The capacitors parallel to the windings in Figure 2 make the transfomer 
a parallel resonant circuit. 

The capacitors in transformers a, b, and c, of Figure 2" make these 
circuits . _ . 

a, paral lei capaci ti ve 

b. par'al lei resonant 
series resonant 

(J. * untuned " , 



b. paral lei resonant 

S2 
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(T^) If we put these transformers into our basic amplifier, we have the 
circuit shown in Figure 3. 




+ Vcc 



+ VBB - 

Figure 3 
TUNED RF AMPLIFIER 
Our basic amplifier now has an input and an output that are tgned to 
specific frequencies. If both resonant circuits are tuned to the same 
frequency, the input signal level to (Jl and the output signal level from 
T2 will be maximum at that resonant frequency (Fo). At frequencies above 
or below the resonant frequency, these tuned circuits will develop less 
than maximum voltage to be coupled through transformer action. * 

Which transformer(s) in Figure 3 is/are tuned? 

a. input only 1 

b. output only 

c both input and output 

d. neither input nor output f 



c. both-input and output 
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@ THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE 
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE 
FOLLOWING THE QUESTIONS. 

Study the diagram below to answer question 1. - •■ 




T 



+ Vcc 



T2 



OUTPUT 
O 



+ VBB 

' Figure 4 

1. Which components of this circuit make /t a tuned RF amplifier? 

a. CI and C2 

b. V B b and V cc 

c. Rl and C3 

d. Ql and Tl 

t 

2, RF amplifiers achieve desired frequency response characteristics by 
the selection of the proper 

£, transistors 

b, coupling circuits 

c", configuration (CB - CC - CE) 

d. bias 
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1. a. CI and C2 

2. b. coupling circuits 

■ — : : — r- • — 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAY GO TO TEST FRAME 11 , 
OTHERWISE GO BACK TO FRA*ME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE - 
TAKING TEST FRAME 6 AGAIN. 



7*j When we add more resonant circuits tuned to the same frequency in the 

signal path of an RF amplifier, we get a narrower bandwidth (that is, 

more selectivity). Figure 5 shows the relationship between the number of 
tuned circuits and frequency response. 




RESONANT .FREQUENCY 



3 

O 



3 



t 




ONE TUNED CIRCUIT 



TWO TUN^D CIRCUITS 
THREE TUNED CIRCUITS 



FREQUENCY — ► 



Figure 5 



RF AMPLIFIER FREQUENCY RESPONSE CURVES 



Adding fibre resonant circuits tuned to the same, frequency increases the 



of an RF ampli fier. 



selectivity 



S6 
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8^) You know that w6 can amplify a desired frequency in an amplifier by 
making the input and output coupling circ its parallel resonant. We then 
have a frequency selective .amplifier. However, our amplifier is now 
tuned to only one frequency. If we desire another frequency,' we must 
retune both the input and outout coupling circuits* The problem is how 
rjo we retune without physically replacing components? Also, how can we 
tune the "input coupling at the same time as the output coupling? 
Figure~6 shows a diagram of one solution tc the problem. 




+Vcc 



+ VB6 



Figure 6 - 
GANGED CAPACITIVE TUNING 
In this circuit, the two tuned sections, or "tanks", are both tuned for 
high selectivity. , Some circuits may have only one tank^but this decreases 
anplifler selectivity*. In the diagran, the arrows *>rou<]h fc Cl an') C? rn**n 
ihitx the- capacitors are variable. The dotted line connecting them means ' 
thev also are mechanically connected toaether, or "ganged". 
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Capacitors may be ganged in any one of several ways such as by gears or by 
pulleys. They are most often ganged by $ common shaft as shown in Figure 
7. 




TWO INDIVIDUAL SECTIONS -EACH SECTION 
IS AN INDIVIDUAL CAPACITOR AND ADJUSTS 
THE FREQUENCY OF ONE TUNED CIRCUIT 



COMMON SHAFT 



Figure 7 

TWO SECTION-AIR VARIABLE CAPACITOR 
In Figure 7, a (l/2)section variable capacitor is ganged using a 
(shaft/Pulley). 



. 2, shaft 



(9?) Figure 8 shows another way to retune, at, the same time, both the 
input and output coupling circuits in an amplifier. 

3 Tl i N ^5 




+ Vcc 

Figure 8 ' - 

GAN D INDUCTIVE TUNING ■ 
In the diagram, the arrows through the windings in Tl and T2 mean that th 
inductors are variable. 
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Inductively tuned RF/IF transformers are in common use in electronic 
equipment. Figure 9 shows two schematics, and a pictorial view of an 
individual inductive tuned RF transformer. 



X 



O— fr 



rn,,p: 



OR 



1-0 



— CAN 



©an 



POWDERED [HON 
' TUNING COPES 




SECONDARY 
COtL 



CONNECTING 
PIN 5 



ALUMINIUM 
SCREENING 
CAN ■ 



6AKEL1TE 
FORMER 
AND BASE 



SILVERED- 

mica Tuning 

CAPACITOR 



Figure 

INDUCTIVE TUNED RF TRANSFORMER 
In both schematics* notice that the capacitors are fixed* The primary 
and secondary windings are each single tun eel by moving the powdered iron 
cores inside the transformer coils with special non-metallic tuning wands 
(see pictorial)* The upper core tunes the primary winding* and the lower 
core tunes the secondary winding. The entire unit is completely enclosed 
within a metallic shield or can to prevent stray electromagnetic fields 
from affecting the tuned circuits, 

\ 



SB 



82 



Thirty One-2 



The components which are variable in Figure 8 are the 
a* capacitors 
* b, * transformers 

c, inductors 

d, transistors 

~* inductors 



Kh) We have been talking about tuned transformer coupling, which is 
very good for many applications* However, the transformer's efficiency 
is considerably reduced when we try to couple signals at the higher RF 



frequencies* To get around thvs problem, we can uie a coupling circuit 
like the one shown in Figure 10* 



The coupling is done by capacitor C3. This type of coupling circuit 
allows us to kfeep the selectivity advantages of the parallel resonant 
circuit* 





figure 10 



CAPACITIVE COUPLED TUNED TANKS 



In Figure 10, coupling is done by component 
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£7) THIS IS A TEST FRAME* COMPLETE THE TEST QUESTIONS ANO COMPARE YOUR 
ANSWERS U1TH THE CORRECT ANSWERS GIVEN AT THE TOP OF TJ1E PAG£ FOLLOWING 
THF QUESTIONS* 

1* If resonant circuits tuned to the same frequency are added to an 
amplifier* the bandwidth wHI 

a* remain the same 

b, become wider 

c* become narrower 
USE THE DIAGRAM BELOW TO ANSWER QUESTION 2. 



?_ TUNING 




Figure 11 

2, The RF amplifier circuit in the diagram has 
tuning* 

' a, ganged capacitive 

b, ganged inductive 

c, single capacitive 

d, singlt inductive 
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USE THE DIAGRAM BELOW TO ANSWER QUESTIONS 3 AND 4* 







4. 



Figure 12 

The RF transformer has tuning, 

a* capacitive 

b. inductive 
The tuning in the primary and secondary is 

a* single 

b. genged 
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1. c. become narrower 

2. b. ganged inductive 

3. c. inductive 

4. a. single 



IF YOUR ANSWERS HATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 20. • 
OTHERWISE GO BACK TO FRAME 7 AND TAKc THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 11 AGAIN. 

{l2^} You have learned about inductive reactance (XL) and capacitive 
reactance (XC), and how they are related in a resonant circuit. You also 
are familiar with resistance (R), You now will learn some important new 
applications of these properties. 

In electronics, it is useful to express in measurable values the relation- 
ships between properties of circ^.s. For example, you are familiar with 

output 

'■gain' 1 which is a measure of the ratio of i npu t • Because a resonant 

circuit is so common in electronic equipment, it is often useful tt 

* 

express the property called "Q" of a resonant circuit and its components, 

energy stored 

Now Q, or quality, represents the ratio of energy used * ^ou Con 
see in this ratio that 0 becomes larger as the amount of energy stored 
becomes larger, or as the amount of energy used becomes smaller. 

The letter "Q 11 in c onant circuit represents: 

a, energy stored times ener used 

b, energy stored minus energy used 

energy used 
c * energy stored 

energy stored q ^ 

energy used . 
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d. energy stored divided by energy used 

13^ In this lesson, we are concerned with the Q of the^inductor (or 
coil), the tank, and a loaded circuit. First we will talk about the Q of 
a coil. 

You know that all wire has resistance. Since inductors are made by 
winding wires on a form, inductors have resistance. Therefore, inductors 
have two oppositions to AC current flow* inductive reactance (XL) and coil 
resistance (Rc). The Q of a coil is expressed as the ratio of inductive 
reactance (energy stored) to coil resistance (energy used). The formula 
n XL 

is QcoU = Figure 13 shows the inductor equivalent for the two 
components XL and Rc. 




Figure 13 
INDUCTOR EQUIVALENT 

500 ohms 

In Figure 13, XL equals 500 ohms and Rc equals 20 ohms* The Q equals 20 ohms 
or 25. A Q of 25 simplyjindicates that this coil has a 25 to 1 ratio of 
reactance to resistance. The Q figure is useful in comparing one coil or 
inductance with another. 

9 4 
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The Q of a coil is the ratio of 
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to 



XL to Rc, (or inductive reactance to coil resistance) 



h) We now will talk about the Q of a tank in which the coil is a 
component. Figure 14 shows a simple tank. 



X L = 500/1 C L 



20 A 




C -±Z X C = 500 SI 



t 



Figure 14 
TANK CIRCUIT 



In Figure 14, the tank is a resonant circuit containing a coil (L) and a % 

capacitor (C), Within these two components, XL is the inductive reactance 

of the coil, XC is the capacitive reactance of the capacitor, and Rc is 

the resistance of the coil. Energy is stored in the magnetic and electric 

fields of the coil and capacitor* Energy is used in the form of heat 

caused by resistance. Now in a resonant circuit, the inductive reactance 

equals the capacitive reactance, Ti&refore XC can replace XL in the 

expression for Q. We can define the Q of this tank as the ratio of inducti 

or capacitive reactance to the coil resistance* The formula is 

Q tank =lL\or *C 
Rc Rc 

500 ohms * 

The tank in Figure 14 has a Q equal to or A^., which equals 20 ohms' 

Rc Rc 

or 25, 
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What is the Q of a tank with Rc equal to 10 ohms and XL equal to 100 ohms? 



It) 

Resonant circuits in electronics are seldom found in the isolated 

situation we have just used to present the principles of Q, Tanks are 

found in circuits connected to other components arid devices. These 

external components and devices load the tank and affect the tank circuit. 

We will talk about some of these affects in a later frame. Now' we are 

interested in some useful applications of Q. 

/ ' * 
/An important application of Q in a tank circuit is the relationship 

between the Q of a tank and bandwidth (BW), You remember that a narrow 

bandwidth is related to -good selectivity, or the ability to select a 

desired frequency and reject others. We can say that a high Q tank has a 

narrow bandwidth, and therefore, produces good selectivity. The reUt>oh- 

ship -between bandwidth and Q of tne tank is expressed in the formula 

': Fo * 

Bandwidth (BW) * Qt en r You can see from this form ^ la that * s 0 of 

the, tank increases, the bandwidth around the resonant frequency (Fo) 
becomes narrower. 

The relationship between bandwidth, Fo, and Qtank 1S expressed inwh.^n 
formula? 



a, ■ BW = 



ank 



b. BW = f°_ 



Qtank 

c. BW - Fo x Q tank 

d. .BW = Fo + Q tan |< 
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b. BW - fo 

Qtank * 

(16^ Figure 15 shows both a diagram of a tank circuit, and the frequency 

response curve for the tank. 



INPUT 




20 n 



OUTPUT 



+Vcc 



IV- 



.707V- 



1000. kHz 
I 



LOWER Fco = 
980 kHi 



t 



0. 

p 



0 FREQUENCY 




UPPER Fco - 
1020 kHi 



Figure 15 
TANK Q VS' BANDWIDTH 



[*-BW= 40 kHl 



In Figure 15, the tank has a Resonant frequency (Fo) of 1000 kHz, a 

frequency response of 980 kHz to 1020 kHz, and a bandwidth of 40 kHz. 

Now you can calculate the bandwidth by plugging values into the formulas 

for both Q and bandwidth. From Figure 15, Q'of the tank equals XL (or XC) 

Rc 

or 500 ohms > or gs. Since Fo equals 1000 kHz, the bandwidth equals 
Fo 20 ohms - 

— » or 1000 kHz > or 40 kHz. In Figure 15, notice that the 

Qtank 25 



frequency response curve at the upper'and lower Fco points has steep * 
sides, or skirts. ^Rrfs indicates that the Q of this tank produces high 
selectivity. 

\ 
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A tank circuit with an Fo of 500 kHz and a Q of 10 has a bandwidth" equal 
to* . " 



50 kHz 



New let's examine the tank circuit" diagram and frequency response 
curve shown in Figure 16. 



INPUT 




son 



xciL 
500 -r 



OUTPUT 



IV- 
.707 V- 



1000 kHz 
I 



LOWER Fco = 
950- kHz 



UPPER Fco = 
1050 kHz 




+Vcc 



t 

CL 

o 



0 F REQUE NCY 

100 kHz 



^ Figure 16 

TANK Q VS BANDWIDTH 

The only value difference on the tank diagrams between Figures 15 and 16 

is that the coil resistance (Rc) is increased from 20 ohms to 50 ohms. 

The Q of the tank in Figure 16 now equals 500 ohms > or 10, Since Fo 

50 ohms 

still equals 1000 kHz, the bandwidth now equals 1000 kHz, or 100 kHz, You 

10 

can see that Q changes as resistance changes, It is obvious from the 



previous examples that an increase, in the resistance in series with a 
tank produces a decrease in Q v and also a wider bandwidth. 



Ui;si:A<irfc'e in tank circuits is related to t hu resistance of the coil wire 
and 1 any other series resistance. The resistance of the coil will be 
determined by the diameter of the wire used to make it. Thus coil? with * 
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the same inductive reactance (XL) but made with larger wire, should have 
a smaller resistance, and higher Q* Coils with the same XL but made with 
smaller wire, should have a larger resistance, and ajower Q* t< 

In a tank; an increase in Rc produces (an increase/a decrease) in Q of 
the tank* - 



a decrea&e 



18 J You have learned to apply Q to tank circuits* Now you will learn to 
apply Q to a loaded circuit in which the tank is a part* Figure 17 shows 
a loaded circuit which includes a tank, a switch, and a parallel load, 
(RpK 

SWITCH 



Rp« 5tfrll 




Y 

\ 

Figure 17 
LOADED CIRCUIT Q 



The resonant tank in Figure 17 relates Q to a practical circuit* Th^Q 

of the tank with the switch open -is calculated by a method with which ybir 

are familiar, and equals 500 ohrns » or 100, However, when the switch 

5 ohms K 



is closed , the tank will deliver energy^ to the parallel load which is 
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expressed as the parallel resistance, Rp. Now the tank is not isolated 
any more,' but becomes part of the total loaded circuit. Therefore, when 
the switch is closed, we are interested in the Q of the circuit. The 
important point is that the Q of the circuit will be lower when a load is 
placed on a tank than the Q of the tank without a load. 

When a load is placed on a tank, the Q of the circuit will be (higher/Tower) 
than the Q of the unloaded tank. 



lowei 



19y Figure 18 again shows the loaded tank circuit from Figure 17, 



SWITCH 




5KH 



Figure 18 
LOADED CIRCUIT Q 

The formula for the Q of the loaded tank circuit is expressed as Qckt = M or 

This 'f omul a is different fror.: the formula for £) o £ a tank. In Figure 

18, XL equals XC which equals 500 ohms, and Rp-eqraU" 5 kilohms. The Q 

of the circuit with the switch closed equals 5 kilohms, or io, 

500 ohms 
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Remember that the Q of the tank with the switch open equals 100, 
Therefore, you can see that the loaded tank circuit has a lower Q f and 
a wider bandwidth, than the unloaded tank, circuit. In wideband RF 
amplifiers, resistors sometimes are placed across tank circuits to * \ 
widen the Sandwidth, Resistors that are used to lower the Q of the 
circuit and widen bandwidth are called "swamoing" resistors. In narrow- 
band RF amplifiers, circuits^ are: designed to preserve the Q of i;he 
tank. 

In a tfcnk circuit, resistors may be placed in parallel in order to 
(increase/decrease) the bandwidth, 

increase • 

(20) THIS IS A TEST FRAME. CpMPLETE THE TEST QUESTIONS AND COMPARE YOUR 
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP Of THE PAGE FOLLOWING THE 
QUESTIONS. ' 

1, In art inductor, XC is 2000 ohms and Rc is 50 ohms. The Q of the 

t 

coil is . , 

2, Coil A has a Q of 10 and coil B has a Q of 20, - Each coil is used 
"~tn a'different tank circuit with the same Fo, Which tank circuit has 

the wider bandwidth? 

a* tank; circuit u.sing coil A* ■ . 

, 

b, tank circuit using coil B - 
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3. Complete the formula: ^tank = 



a. R£ 

XL, 

b. Rc X RL 

d. XL + RL 
Rc 



4. In a' tank, the. Fo is 5 MHz and the Q is" 100. The bandwidth is 



5. The loaded tank has a_ 
an unloaded tank. 

a. lower, wider 

b. lower, narrower 

c. higher,' wider 

d. higher, narrower 



Q and 



bandwidth than 
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1. 40 

2. a. tank circuit using coil A 

3. c. XL/Re 

4. 50 kHz 

5. a. lower, wider 



^7 ' . . 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 29. 

OTHERWISE, GO BACK TO FRAME 12 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 

' TAKING TEST FRAME 20 AGAIN. ^ 

(2l) The circuit shown in Figure 19 J is a typical RF amplifier inpu^ stage 

Y in a broadcast band radio receiver. 



TUNING 

2 



~ T1 lei 




+ VBB[ 
INPUT I 




CONVERSION 



OUTPUT 



Figure'19 

« 

TYPICAL TUNED RF AMPLIFIER 
You are familiar with the biasing and stabilizing components* and with 
the ganged capacitlve tuning* You will now become familiar with the 
function of components -not already discussed.. 
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In Figure 19* R2 and R? form a voltage divider to provide forward bias 
for Ql. C3 places the bottom of L2 at RF ground potential and ensures* 
all signal development is across L2. Tl is a step-down transformer wi th 
the low impedance winding L2 connected to the base of Ql. This impedance 
match provides for maximum energy transfer between the antenna and base 
of Ql> and also preserves the Q of the LI-C1 tank. 

Maximum energy transfer between antenna and the base of Ql is provided by 
the low impedance winding of . 

In Figure 19, both the Q and selectivity of thg/tiank L3-C2 are 
preserved in a similar manner. The collector of Ql is connected to a tap 
on L3. This technique provides a good impedance natch between the 
collector of Ql and the Jtank L3-C2. Therefore maximum energy transfer 
occurs between the output of Ql and the input to the following stage. Of 
course Rl and C4 make up tl)e familiar^emitter stabilization resistor and 
bypass capacitor. You should note that Vbb and Vcc often are one and the 
same source. 

* 

In Figure 19^ the Q and selectivity of tank L3-C2 are preserved by a \ 
connection between the of Ql and a on L3. 





, ^ 


/ 




collector^ tap 1 
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liow let's trace a signal through the entire amplifier, shown again 
in Figure 20, to see how it operates. 



TUNING 

2 




~ +VBB 
INPUT 



CONVERSION 



OUTPUT 



Figure 20 
.TYPICAL TUNED RF AMPLIFIER 
First, a number of received frequencies are present as an input to the 
antenna pircuit. When we tune Ll-Cl to the frequency we wanf, that 

* 

frequency will be developed by the tank. Since the tank-is tuned, it 
will develop maximum voltage at that frequency only. The signal is then 
coupled by transformer action to L2, Our desired frequency is fed into 
the base of Ql and amplified. This amplified signal is then passed to 
the next amplifier through the coupling transformer T2, We achieve 
additional selectivity by tuning the primary of T2 in tank L3-C2, 
Therefore, we can say that this RF amplifier has a relatively narrow 
bandwidth. ^ 
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In Figure 20, the tuned signal js coupled to L2 by_ 



transformer action 



(24.) Look carefully at Figure 21 and compare it to Figure 20. 

-VCC 




INPUT 



/77«-CHASSlS GROUND 



' Figure 21 if 
TUNED RF AMPLIFIER 



The circuit in Figure 21 is another way of drawing the circuit in Figure 
20* At first glance they may appear different to you* After some stucjy, 
you should see the similarities* Often in your electronics career, you 
will see what first appears to be a strange circuit* However, on closer, 
examination, it will be just a different way of drawing a common circuit* 
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~ +VBB 
INPUT 



CONVERSION 



OUTPUT 



Figure 20 
TYPICAL TUNED RF AMPLIFIER 
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One minor difference between the Wo circuits is that the tank L3-C2 in 
Figure 20 is, grounded on one^firide. The circuit, arrangement as drawn in 
Figure 21 provides an eas^way to place tank capacitor C2 on chassis 
ground. Chassis ground connections can be an advantage with large, 
variable* air capacitors which have large metal frames for easy 
chassis mounting. This technique also reduces hand-capacity effects 
when tuning the capacitor* 



How are identical circuits in different diagrams drawn? 

a* always the same^ 

b* sometimes differently 



b* sometimes differently : 

(2?) RF amplifiers may have some niinor problems* One, problem that 
£bmet imes occurs with RF amplifiers is that they may tend to oscillate* 
This tendency increases as the amplified frequency increases. You may 
easily understand this principle if you recall your study of basic 4 
oscillators (Module 22). There you learned that an oscillator is nothing 
more than an amplifier, a tuned tank, and a regenerative feedback circuit' 



connected as in Figure 22, 




FEEDBACK 
CIRCUIT 



TANK 
CIRCUIT 



Figure 22 
BASIC OSCILLATpR CIRCUIT 
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Now we wilj tak^a good look at the schematic diagram of an RF" amplifier 
circuit shown in Fifjure-23. % - 



(NPUT 
o 



t 



s 




+ VBB 



. . Figure 23 * 
y RF AMPLIFIER SECTIONS '.' 
In. the figure, the outlined area "A." i s the tank circuit. The outlined 

area "B" is the ampl ifier circuit. If^we added a regenerative feedback 

>/ 

circuit, we would have an RF oscillator, 

fin Figure 23, the sectiorTmiS5i>g that would f^ke the diagram an RF 
oscillator is the regenerative ^^^c irciti t ; 



feedback 

(2?J) Transistors in tuned RF amplifiers have. a built in, or internal, 
feedback circuit which can cause oscillation problems* The feedback is 
caused by the design of the transistor. Figure 24 shows the way the 
transistor looks electrically when it is amplifying a signal. 
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■ ' Figure 24 
- TRANSISTOR INTERNAL FEEDBACK 

The shaded area on' side "A" represents # some of the Eternal resistances 
and capacitances*of an operating transistor. Side "B" represents the 
transistor diagram as you normally see it* The internal feedback is 
caused vJhen part of the signal at the collector is passed the base of 
the transistor. The result is that the tyned RF amplifier tends to 
oscillate near the resonant frequency of the tuned tank. 



Transistors have a built in_ 
oscillate in RF amplifiers. 



circuit which makes them tend to 
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2?) We want an RF amplifier to amplify rather than to oscillate. To 
prevent oscillation, we can supply another feedback circuit which is 
eXt-ernal to the transistor. If this feedback is exactly equal in voltage 
and opposite in polarity to the internal feedback, the two feedbacks will 
cancel each other. No oscillations will occur because we have neutralized 
the amplifier's tendency to oscillate* The circuits in Figure 25 show 
two ways an ampl if ier. can be- neutralized* The neutralization component 
is labelled Cn* 




Figure 25 
TYPICAL NEUTRALIZING CIRCUITS 
A transistor's internal feedback can be cancelled by adding a_ 
component* 

" ™"" r """T"." """ 

neutralization (or neutralizing) 
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{2B^ At high frequencies, even a straight piece of wire has sopie of the 
characteristics of an inductor or capacitor. When an engineer designs 
an RF amplifier, he takes these "stray reactances" into consideration. 
The major concern for you to remember when working with RF circuits is 
"neatness and caution". Wires should not be physically moved, A 
repaired circuit should be made to look as nearly as possible like the 
original circuit. Just moving a wire a^ small amount may change the Fo 
of an amplifier by several kHz or make it oscillate. An example of the 
effect of stray reactance is shown in the amplifier circuit in Figure 
26. 



+ VBB 



+ VBB 



O- 

INPUT 

0- 



! * +Vcc 



CinT 
I 

I 



R 4 



*6 



OUTPUT 



+ VCC 



Figure 26 

STRAY, REACTANCES IN RF AMPLIFIER CIRCUIT - 
The capacitances {Co and Cin) shown with dotted lines represent the 
accumulation of reactances due to the position of wires and components in 
relation to the chassis. These stray capacitive reactances are shown 
across the signal path .and directly influence amplifier gain. 

If you move wires or components in an RF amplifier .circuit, you may cause 
stray to change the Fo of the ^aopl if ier or make it oscillate. 

reactances : 
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(29) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE 
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE 
FOLLOWING THE QUESTIONS. t 

t 

USE THE DIAGRAM BELOW OF A TYPICAL TUNED RF AMPLIFIER CIRCUIT TO ANSWER 
QUESTIONS 1 AND 2. 



TUNING 

2 




+ VCC 



OUTPUT 



+ VBB ' 



Figure 27 . 

1. Which component places the bottom of L2 at RF ground potential?, 

a. R2 ^ 

b. R3 

c. C3 - . ■ 

1 

d. Tl 

2. The tap on |_3 provides a good impedance match between th^ collector 
of QI and 

a- C2 

b. L3-C2 

c. R i 

" d - , L4 

'*i3 
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3* A conmon RF amplifier circuit may be drawn way(s)* 

a* one 
b* two 
c* five 

d* many J 

4* Neutralization components are placed in RF amplifier circuits to 
a* reduce heat buildup in circuits 
. b* prevent amplifiers from becoming oscillators 
c* increase the Q of coupling transformers 
d* increase the bandwidth of resonant tanks 

5* You can best eliminate the effect of stray reactances during circuit 
repair by ' 

a* adding compensating reactances to the circuit 

b* shielding replaced components 

c* retuning any affected LC 'components 

d* replacing components as they vere before removal 
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1. c. C3 

2. b. tank L3-C2 

m 

4- b. prevent ampl if iers from becoming oscillators * 

b- d. Replacing coinponfents as they were before removal ■ " 

IF ALL YOUK ANSWERS MATCH GO TO TEST FRAME 36. OTHERWISE, GO BACK TO 
KKAMt 21 AND TAKE THE PKOGRAMMEO SEQUENCE BEFORE TAKING TEST ' FRAME 29 
AGAIN. . 
(31k) You have learned that amplifiers can" be biased to operate either 
Class A or Class B. We will now continue our discussion about classes of 
amplifier operation. Figure 28 shows the operation of Class A amplifiers. 



i 
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360° 



IC 




Eout V CE k 



CONDUCTION 
TIME * 




O DDO n 




360° 



360* 



Figure 28 - 
CI ASS A OPERATION 

Iii tlffl^figure, the left diagram labelled "Ej n " is the input signal 

fye waveform for one cycle, or 360°. The center diagram labelled'"Ic" 
includes Doth the col lector current wavefona and a bar chart of transistor 



Iii tllki 

ivAx Jye 
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conduction time. The right diagram labelled "E out" is the amplified 
output voltage waveform.. The output waveforms are from a CE transistor 
amplifier using a collector load resistor. In Class A amplifiers* the~ 
transi stor c onducts for the entire duration of the input cycle* or 
360°, < 

In the center diagram of Figure 28* the bar chart shows the duration of 
time the transistor conducts during one cycle of the input^sJgnal • This 
Same diagram also shows that Class A amplifiers have forward bias* and 
therefore will conduct e^errvhen no input signal is present. An important 
feature of Class A amplifiers is that the bias is set high enough so that 
conduction will occur over the entire input cycle. Notice that the 
output signal is 180° out of phase with the input signal. This is a 
typical output from common emitter amplifiers. 

Class k amplifiers conduct for (part /a 11) of the input cycle. 
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(S^ FAyure.29 st^ows the opera ttorc-frf Class B amplifiers, 




— 360° 
INPUT 




COLLECTOR 
CURRENT 

Figure 29 
CLASS B OPERATION 



VCC 1 




OUTPUT 



In Class B amplifiers, the transistor conducts for half the- duration of 
the input cycle, or 100°. In the Center diagram of Figure 29, the bar 
chart^ shows that the transistor conducts^for half of the_cycle. Notice 
that Class B amplifiers have near zero b^as which causes the transistor 
to cut off. , 

In Fiyure 29, the output waveform is clipped for 180° due to no transistor 
conduction. Therefore, the clipped output signals of Class B amplifiers 
are distorted when compared to the output signals of Class A amplifiers. 
However, Class B amplifiers are more efficient due to the reduced conduction 

time, we will discuss, more about efficiency iji a later frame. 

. * .*» '■** 

Class B amplifiers conduct for (half/all) of the input cycle.** 
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(3y, A third class of amplifier combines the best features of both cl^sS 
A and B amplifiers, and is Class AB» Figure 30 shows the operation of 
Class AB amplifiers. 
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conouction t^mrJ - d 
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- 360° - 
INPUT 



— 360° 
OUTPUT 



H '— 360* ^ 

COLLECTOR 
—CURRENT 

Figure 30 ■ 
CLASS AB OPERATION 

In Class AB .ampl if iers, the transistor conducts for a longer duration 

than in Class ^amplifiers-, but for a shorter duration than Class A amplifiers, 

r 

In the center diagrarw of Figure 30, the bar chart shows that the transistor 
conducts for One complete half-cycle, and for parts of the other half-cycle. 
Notice that the bias in Class AB amplifiers -is set to cause the transistor 
to cutoff'for less than half of the input cycle. The. output- waveform* in 
Figure 3U is. clipped off slightly, and is less distorted than for Class B 
amplifiers. The efficiency of-Class AB amplifiers is between Class A and 
Class B aiiipl ifiers, ^ * r 



Class AB ampl ifiers*. conduct for 

a. all 

b, half 

c, between half and all£ 

d. less than half 



of the input cycle. 



C, between half and all 
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(33^ The concludiruuclass of amplifier biasing is Class C. Figure 31 
shows the operation of Class C amplifiers. 
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360° 
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Figure 31 
CLASS C OPERATION 

Irv Class C amplifiers, the transistor conducts for the shortest duration 
of the^four amplifier classes;. In the center diagram of Figure 31, the 
Udr chart shows that the transistor conducts for Jess than a half of the 
input cycle, or abgut 120°* Class C amplifiers are reverse biased which 
causes the transistor to cutoff for over half of the input cycle. The 
output waveform in Figure 31 is the most distorted of all amplifier 
classes. However, Class C amplifiers are also the most efficient because 
they conduct for the shortest time duration. 



The transistor in Class_ 
an input cycle. 



amplifiers conducts for less than half of 
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34y It doesn't look like the voltage and current outputs of Class C 
amplifiers would do much good, does it? Now let's look at: an actual, 
circuit in Figure 32, and see how Class C bias is used. 



■ in 





* , Figure 32 

CLASS C RF AMPLIFIER 

In the figure you can see the reverse bias on Ql as -Vgg* Therefore* 
you would expect /the output signal to resemble class C as shown .in Figure 
31, However* as shown in Figure 32 the output signal actually looks- like 
an amplified version of the sine-wave input signal, 

The reason for the modification becomes clear when you apply some facts 
you alreacjy know. Remember that when you put a pulse into a tank* the 
flywheel effect causes the tank to oscillate for a short time. The tank's 
output resembles the "danped" sine wave shown in figure 33. 



_n_ 

o- 
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x 




PULSE + TANK = DAMPED OUTPUT WAVE 



Fiyure 33 
FLYWHEEL EFFECT 
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The outpuc frequency will be the resonant frequency of the tank. In a 
Class C amplifier, the tank will get a current pulse from the transistor 
collector one time for each'input cycle. You just learned that these 
pulses occur above the transistor cutoff, near an ; input signal peak. 

Fitjure 34 shows the effect of Class C amplifier operation on tank output. 



E IN TO AMPLIFIER 




I PULSE TO TANK 



E OUT FROM TANK 



Figure. 34 

TANK OUTPUT FROM CLASS C AMPLIFIER OPERATION \ 

In Fiyure 34, the first current pulse starts the tank oscillating. If 
there were no more pulses, the tank flywheel effect would make the tank 
output resemble the dotted lines. However, thefe&fcjl be another pulse 
on the next cycle when the transistor conducts. Therefore, the next 
current pulse will make the tank output actually resemble a reasonably 
yood sine wave as shown by the solid line. The flywheel effect is often 
used in ClassAB, B and C RF/IF amplifiers to provide a non-distorted 
sine wave output. 



In Class C amplifiers, the output from a resonant tank resembles a good 
sine wave oecause of the tank's effect. 



flywheel 
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will now continue our discussi on on efficiency of the amplifier 
operat^ classes. Efficiency relates to the amount of AC power output ' 
comparted to the DC input power of an amplifier. Amplifiers which 
require more DC power to produce the same AC output power are less 
efficient * You know that power equals "current x voltage," Therefore, . 
amplifier: which require more oppr^ing current need more power, and 
ageless efficient^ Class A amplifiers have a continuous current fJow 
^hrough thei r transistors, and are, the least efficient to tiperate, - 
Both lld^ss AB and iS amplifiers use less current and power than Class A 
ai.ipl if iers , and are more efficient to operate. Class C amplifiers use 
the least amotfnt of current and power, and are the most efficient to 
operate. Because of their efficiency, Class C amplifiers are* used in 
applications where large amounts of output power are required, such its* t 
tne final output amplifier of a radio transmitter. A large amount of 
power is produced because the transistor i? not conducting for most of 
the output waveform, and the tank supplies the output voltage and 
current. 

Class amplifiers use the least amount of operating power. 

* 

*v " 

c . s _ 

(jSb) THIS IS A TEST FRAME . COMPLETE THE TEST QUESTIONS AND *HEN 
COMPARE YiOUK ANSWERS WITH THE CORRECT ANSWERS GIVEN AT TOP OF THE 
PrtGt FOLLUWING TH^QUESTIONS. 
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USE THE DIAGRAMS BELOW SHOWING THE INPUT AND OUTPUT WAVEFORMS OF FOUR 
AMPLIFIER CLASSES OF OPERATION TO ANSWER QUESTIONS I THROUGH 4. 
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amplifiers* 



ampl if iers* 



amplifiers* 



Diagram 1 shows the operation of class 

a. A 

b. B 
o C 
d. AB 

Diagram 2 shows the operation of class 

a. A J 

b. B 

c. C 

d. AB 

Diagram 3 shows the operation of class 

a* A 
o. 8 

c. C 

t 

d. AB 

The least efficient class of amplifier operation is class . 

a. A 

b. B 

c. . C 

d. AB 

Current flows through the transistor during the entire input cycle in 
class amplifiers. 

a. A 

b. B 

c. C - 

d. AB — — 
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1. 


b. 


B 




'1. 


c. 


C 


- 


•3. 


cf. 


AB 




4. 


a. 


A 




t>. 


a. 


A 





IF ALL YOUR ANSWERS HATCH GO ON TO TEST FRAME 4l'. OTHERWISE, GO BACK TO 
FkArtE 30 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 36 
AUMlN. 



37y In the first lesson in this module, you learned that amplifiers must 
amplify signals in the'audio or video frequency range. Therefore, you 
must be able to "determine whether an amplifier is actually amplifying the 
required frequencies. We now will discuss a method to test the frequency 
response of any- ampl if ier. Figure 36 shows a diagram of one test method. 
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Figure 36 
MNUAL FREQUENCY RESPONSE CURVE 
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The test equipment includes a. standard signal generator and an oscilloscope. 
To perform the test, you first set the signal generator to exact frequency 
values within the frequency range of the test amplifier. The amplifier's 
output is then measured' on the oscilloscope. In Figure 36, the height of 
the vertical l ine on the oscilloscope's CRT shows the ^mpl itude of the 
output ^rom the amplifier at one test frequency. You can plot a graph of 
the vertical lines for all test frequencies as shown in the figure. You 
then get a frequency response curve by connecting the top of the vertical 
lines on the graph wittt'T smooth curve. 

In Figure 36, the image oft the oscilloscope represents the 

of the signal output at any input frequency, 

ampl itude 



38^) The test method previously described is slow work. It is also 
inaccurate because you guessed at the shape of the curve between test : 
f ^quencies when you drew the graph, A far better test method is to use 
a piece of test equipment called a sweep frequency generator, A sweep 
frequency yenerator is a special type of frequency^generator. It is 
capable of producing an output signal that varies back and forth over a 
section of the frequency spectrum. For example, it can be set to generate 
a frequency band from 5 to 15 MHz, This mean* that the svieep frequency 
generator would produce all frequencies within the 5-15 MHz range, but 
not at the same time. Rather, the generator, "sweeps" across the frequency 
spectrum like a i>room sweeps across the floor. The changing frequency 
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signal is. often called a frequency modulated (FM) signal which is so 
popular in high fidelity radio broadcast. 



Hie sweep frequency generator produces a sawtooth voltage wavefonn output 
dnd an Rh output which varies at a sawtooth rate, lhe sawtooth voltage 
waveform is fed to an internal RF oscillator and controls its frequency. 

The most negative portion of the sawtooth causes the output from the 
oscillator to be at its lowest frequency. As the sawtooth goes positive* the 
frequency of the oscillator increases. At the most positive portion of the 
sawtooth the oscillator will produce Its highest frequency. Thus the output 
of the sweep frequency generator "sweeps" across the frequency spectrum at a 
sawtooth rate. 



Figure 37 shows a typical sweep frequency generator/oscilloscope set- 
up. 
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SWEEP VOLTAGE 
Figure 37 
FREQUENCY SWEEP 

In the figure, the variable frequency signals from the generator are fed 
to the vertical input (Y) terminal of the oscilloscope. The CRT produces 
a rectangular display which is a combination of the sine waves from the 
litany input frequencies. 
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■Actually* the display would show each sine wave if the output frequency 
of the sweep generator were slow enough* An important point to remember 
is that the display produced from the sweep generator is different from 
the normal scppe display you have studied* The display from the sweep 
yenerator is ba^ed on frequency instead of on time , and 1s often called a 
"frequency *>weep"* 

The rectangular display on an oscilloscope produced by the Input from a 
sweep frequency generator is b^sed on (time/frequency) * 



frequency 



39*) Figure 38 again shows th§ sweep frequency generator/oscilloscope 
* 

set-up. 
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Figure 38 
FREQUENCY SWEEP 

You recall that variable radio frequencies (RFl are , input into the Y 
terminal of the oscilloscope. The CRT displays the amplitude of all 
frequencies within -the range you have chosen. We now will briefly 
discuss how the horizontal frequency sweep is produced. 

The sweep generator has circuits which generate a linear sweep signal, 



Tnis output is called a sawtooth sweep voltage. 
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The sweep generator is designed so th'at the sawtooth horizontal sweep 
voltaye also determines the" variable radio frequency (RF) output 
siynal. In Figure 38, the sweep generator's horizontal sweep (sawtooth 
wave) output is connected to the horizontal plates of the oscilloscope 
through the X terminal. Since the inputs to the oscilloscope's X and Y 
terminals are synchronized, the CRT display will be based on frequency , 
and not on time. A typical display is shown in Figure 39. 




1 MH Z 

MARKER PIPS 



Figure 39 
FREQUENCY SWEEP WITH MARKERS 

Tne pips on the frequency sweep in Figure 39 are the result of marker 

frequencies added to 'the variable radio frequency signal. Technicians* 

use markers to set the desired limits on the variable frequency signal 

cominy from the sweep generator. A wide range of marker frequencies is 

usually available to allow precise settings of the sweep generator 

varlaole frequency output about a center frequency. In the example in 

Figure 39, the sweep generator is sweeping frequencies from 0 to about 

10 KHz. In, other words, the sweep is 5 MHz each side of the center 
frequency of 5 MHz. 
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In a sweep generator, a sawtooth sweep voltage generates the_ 
on the CRT. ^ 



horizontal sweep" 



Now let's use the sweep -frequency generator to test the frequency 
riiSponsu curve of an amplifier. Figure 40 shows a typical test set-up. 

O'SCOPE A. 
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Figure 40 
SWEEP FREQUENCY GENERATOR METHOD 




In this test method* the sweep generator is u.sed to produce a band of 
frequencies that varies back and forth over the amplifier's frequency 
rauye* The amplifier will then amplify the variable input frequencies 
according to its ability at any point in the frequency spectrum* The 
result of this amplification is shown in insert A of Figure 40* Although 
this display does provide some indication of the amplifier's response* it 
is not the smooth curve desired* 

"tii the figure* notice a two-position switch* In position #1 as shown* you 
yet the display in insert A* If the switch is placed in tosition #2* you 
yet the desired smooth frequency response curve (shown in B), The rectifier- 
filter 
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combination placed in the circuit is called a "demodulator"* This test 
uethud permits direct observation of amplifier frequency response curves* 
You will have the opportunity to use the sweep frequency generator in the 
job program for this lesson* with this device, you will measure the 
frequency response of an RF amplifier in the NIDA trainer. 

The test method using a sweep frequency generator allows you to directly 
observe the frequenc y of amplifiers* 



response curves 

*Al) THIS IS A TEST FRAME* COMPLETE THE TEST QUESTIONS AND THEN COMPARE 
YUUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP' 0? THE PAGE 
FOLLOWING THE QUESTIONS* / 
1* A characteristic of a sweep frequency generator is a_ 

frequency output* ^ 

a* single 

■b* variaole 

2* Which test fequipment allows you to directly observe an amplifier's 
frequency response curve? 
a* VOM 

b* DVM ( 
* x 

c* sweep frequency generator 

d. standard RF signal generator 
3, The marker pips on a sweep signal generator display are. used to indicate 
divisions of 

a* time 

* i' * 

b, frequency > 

c* anpl itude * 
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REACTANCE OF COFI, Xt 
RESISTANCE OF COIL 



iihaxp tuning 



Broad tuning 



Good separation of stations 
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Poor separation of stations 
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1. D. variable 

2. c. sweep frequency generator 

3. D. frequency 



IK YUUK ANSWERS WATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON 2, MODULE 31. CONGRATULATIONS! OTHERWISE GO BACK TO 
FRAME 37 AND TAKE THE - PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 41 
AGAIN. 



AT THIS POINT, YOU KAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, DR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MED.IUM OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS^CHECK CORRECTLY. 
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NARRATIVE 
LESSON 2 

RF Amp! if iers 



Radio frequency (RF) amplifiers are circuits commonly used in electronic 
uijuijjiiifcht including radios, television sets, and radars* All, the 
information you learned about basic amplifiers can be applied to these 
circuits. You can still use PNP or KPN transistors in any of the thre* 
configurations: common emi tter, common collector, or common base. 

Amplifiers are called RF amplifiers only because they have a frequency 
response within the radio frequency range. The frequency response is 
determined by modifying the input and output coupling which may be 
tuned or untuned. Tuned coupling is more common, and will be" covered 
later in this lesson, 

An untuned basic RF amplifier diagram is shown in Figure 1, 




Figure 1 j 
BASIC AMPLIFIER 

The coupling circuits Tl and T2 are untuned, atr~core transformers 
which pass a wide band of radio frequencies. 

When amplifying RF signals, as in a radio receiver, you want to amplify 
only the frequency of the desired radio station. Therefore, you are 
concerned with the amplifier's selectivity. Since a transformer is actually 
two coupled inductors, you can put a capacitor across eithe^r or both windings, 
as shown in Figure 2, to make the coupling circuit selective. 
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a. b. c. 




^Figure 2 t 

TUNED TRANSFORMER COUPLING 

The capacitors parallel to the windings in Figure 2 make the transformer 
a parallel resonant circuit. c 

Placing the coupling transformers from Figure. 2 ,i nto the amplifier of 
Figure 1, will produce the tuned amplifier shown in figure 3, 




+ VBB ' Figure 3 



TUNED RF AMPLIFIER 

The amplifier in Figure 3 has an input and an output that are tuned to 
specific frequencies., If all the resonant circuits are tuned to the 
same frequency, the input signal level to Ql and the output signal 
level from T2 will be maximum at that resonant frequency (Fo), At 
frequencies above or below Fo, these tuned circuits will develop less r 
than maximum voltage to be coupl ed through transformer action. If more 
resonant ^circuits tuned to the same frequency are added in the signal 
path of an RF amplifier* the result is a narrower bandwidth (that is* 



V 



i2sl 35 



Narrati ve 



•0 Thi rty Qne-2 



wore selectivity}. Figure 4 shows the relationship between the number 
of tuned circuits and frequency response. 



• resonant, Frequency 




Figure 4 , ' 
RF AMPLIFIER FREQUENCY RESPONSE CURVES 



We have Shown amplifiers tuned to one frequency./ The problem is how to 
retune both the input and' .utput coupling circuits^ the same time? " 
Figure 5 shows a diagram of one solution. 
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Figure 5 • 



GANGED CAPACTIVE TUNING 



In Fiyure 5, the two tuned sections, or "tanks", are Doth tuned which 
provides (n'sjn selectivity. The arrows through CI and Z2 mean that the 
cauacitors are^ariable. The dotted line means- they are mechanically 
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connected together, or "ganged". Capacitors may be ganged by gears, by 
pulleys, and most often by a common shaft as shown in Figure 6. 




TWO INDIVIDUAL SECTIONS-EACH SECTION 
IS AN INDIVIDUAL CAPACITOR AND ADJUSTS 
THE FREQUENCY OF ONE TUNED CIRCUIT 




COMMON SHAFT 



Figure 6 

TWU SECTION-AIR VARIABLE CAPACITOR 



Another method to retune both input and output coupling circuits is 
shown in Fiyure 7. 
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Figure 7* 
GANGED INDUCTIVE TUNING \^ 
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In Figure 7, the arrows through the windings 1n Tl and T2 mean that the 
inductors are variable, and the dotted line means they also are ganged* 

Fiyure 8 shows two schematics and a pictorial view of an individual inductive 
tuned RF transformer* 




Figure 3 
INDUCTIVE TUNED RF TRANSFORMER 



In the figure, the primary and secondary windings are each tuned by moving 
the powdered iron cores inside the transformer coils with special non-metallic 
tuning, wands. The entire unit is completely enclosed within a metallic 
shield or can to prevent stray electromagnetic fields from effecting the 
tuned circuits. 

Transformer coupling has many applications* However, transformer coupling 
efficiency is considerably reduced at higher radio frequencies. Figure 9 
shows a coupling method which gets around this problem. 




Figure 9 
CAPACITIVE COUPLED TUNED TANKS 
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Coupling capacitor provides a low reactonce pot h In thr signal tints 
retains tne selectivity advantages of the double-tuned parallel resonant 
cuupl iny circuit. 

In electronics, it is useful to express in measurable values the relationships 
between such resonant circuit properties as inductive reactance (XL), 
capacitive reactartce (XC), and resistance (R). One important property 
derived from these relationships is called "Q", or quality, of a resonant 
circuit. The value Q represents the ratio of energy stored/energy used. In 
this lesso% we are concerned with the Q of the inductor (or coil), the . 
tank, and a loaded resonant circuit. ^ 

Inductors Have internal resistance since they are made of wire. Therefore, 
two oppositions to AC current flow in Inductors are XL and coil resistance 
(Kc). The of a coiV is expressed as the ratio of XL (energy stored) to Rc 
(energy usejl). The formula is: Q coil = XL divided by Rc. 

fiyure 10 shows a diagram of the inductor equivalent for XL and Rc. 



Xl= 500 St 



R c * 20 JV 



figure 10 
INDUCTOR EQUIVALENT 



by dpplyiny the formula for IJ of a coil, Q equals 500 ohms divided by 20 
uhms, or 25. The U is useful in comparing one coil or inductance with 
another. 
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The Q of a tank is very similar to the Q of a coil. Figure II shows a 
simple tank. 



The tank is a basic LC resonant circuit with the properties of XL, XC, 
and Rc. Energy is stored in the magnetic and electric fields of the 
coil and capacitor. Energy is used or dissipated in the form of heat 
due to resistance. In a resonant circuit, the capacitive reactance 
equals the inductive reactance. Therefore, XC can replace XL in the 
expression for Q. The formula is Q tank = XL (or XC) divided by Rc. 
The Q of the tank in Figure 11 equals 500 ohms (capacitive or inductive 
reactance) divided by 20 ohms, or 25. 

An important application of the Q of a tank is the relationship between 
Q and bandwidth (BW). The formula for bandwidth is BW = Fo divided by 
Q tank. The formula indicates that as the Q of a tank increases, the 
bandwidth about a center frequency becomes narrower. A high Q tank has 
a narrowJiandwidth, and therefore produces good selectivity (rejects 
adjacent frequencies). 

The relationship between the Q of a tank and bandwidth can be shown 
using the tank circirit diagram and related tank frequency response 
curve in Figure 12. • 




x c a 500 .a 



Figure II 
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Figure 12 



TANK Q vs BANDWIDTH 
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In the figure, the tank Has a 40 kHz bandwidth* You can calculate the 
bandwidth by plugging the circuit diagram values into the formula for 
both Q and bandwidth. The Q of the tank equals XL (or XC) divided by 
Rc or 500 ohms divided by 20 ohms, or 25. The bandwidth equals Fo 
divided by Q tank, or 1000 kHz divided by 25, or 40 kHz. In the 
figure, the frequency response curve at the upper and lower Fco points 
has steep sides, or skirts. This indicates that the Q of this tank 
produtes high selectivity. 

If Rc is increased in the circuit shown in Figure 12 from 20 ohms to 50 
ohms, the tank circuit diagram and tank frequency resonse curve are as 
shown in Figure 13. 
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Figure 13 
TANK Q vs BANDWIDTH 



By applying the formcilas, the Q of the tank in Figure 13 equals 10, and 
the bandwidth equals 100 kHz. The Increase in Rc has produced a tank 
with a lower Q and a wider bandwidth. 

Resistance in tank circuits is related to the resistance of the coil 
wire and any other series resistance. Coils with the same XL made with 
larger diameter wire should have smaller resistance, and higher Cj, than 
coils made with similar diameter wires. 
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We now will apply Q to a loaded resonant circuit in which the tank is a 
part. Figure 14 shows a loaded circuit which includes a tank, switch 
and parallel load (lip). 

SWITCH 











| soon - 




' i 


> — 



Rp* SKA 



^ Figure 14 
LOADED TANK CIRCUIT Q 



In the Figure, the tank is unloaded when the switch is open * The Q of 
the unloaded tank equals the familiar XL {or XC) divided by Rc, or 100. 
The tank is loaded when the switch is closed ^ and delivers energy ta 
the parallel resistance,, Rp. The important point is that the Q of the 
circuit will be lower when a load is pieced on a tank than the Q of the 
tank without a loacT 

The formula for the Q of a loaded tank circuit is Q ckt = Rp divided by 
XL, or Rp divided by XC, In Figure 14, XL equals XC which equals 500 
ohms, and Rp equals 5 K ohms, the Q of the circuit equals 5 K ohms 
divided by 500 ohms, or 10. Since the Q of the unloaded tank was 100, 
the loaded tank circuit has a lower Q, and a wider bandwidth, than the 
unloaded tank. In wideband RF amplifiers; "swamping" resistors sometimes 
are placed across tank circuits to purposely lower the Q of the circuit 
and widen the bandwidth. 
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Figure 15 shows a typical RF amplifier input stage in a broadcast 
band radio receiver,* 

TUNING 

2 




INPUT 



OUTPUT 



Figure 15 
TYPICAL TUNED RF AMPLIFIER 



The function of the circuit components will now be discussed. In 
Figure 15* R2 and R3 form a voltage divider from Vug to ground to 
provide forward bias for Ql. CS^laces the bottom of L2 at RF ground 
potential and ensues all signal development is across L2* Tl is a 
step-down transformer with the Tow impedance winding L2 connected to 
the base of Ql. This impedance match provides for maximum energy 
transfer between the antenna and base of Ql» and also preserves the Q 
of the.LUCl tank. 



Both the Q and selectivity of the tank L3-C2 are preserved in a similar 
manner. • The technique of tapping L3 provides a good impedance match 
between the collector of Ql and the tank L3-C2. Therefore maximum 
energy transfer occurs between the output of Ql and the input to the 
following stage. The components Rl and\C4 make up the emitter stabili2a 
tion resistor and bypass capacitor. Notp that Vge and Vqq often 
are one and the same source. 

In Figure 15* tank Ll-Cl is tuned to select one of the many frequencies 
received by the antenna* This signal is transformer coupled by Tl into 
the base of Ql. The amplified signal is coupled by T2 to the next 
amplifier. We achieve additional selectivity by tuning the tank in the 
primary circuit of T2. 
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There are many different ways to draw circuits* Figure 16 shows 
another way to draw tht RF amplifier circuit shown in Figure 15* 

-VCC 



INPUT 




OUTPUT 



JtUNING 

Figure 16 
TUNED RF AMPLIFIER 



/ 1 

'^T/^CHASSLS GROUND 



One minor difference between the two diage6ms ^is tfiat the tank L3-C2 in 
Figure 16 is grounded on one side thus allowing one side of the capaci- 
tor to be attached directly to the chassis* 

RF amplifiers sometimes tend to oscillate as the amplified frequency 
increases* Transistors in tuned RF amplifiers have an internal regenera- 
tive feedback circuit which may have caused this oscillation* The 
shaded area in Figure 17 represents the internal regenerative feedback path 
of an operating transistor* 







t-:-:"-: 











Figure 17 

TRANSISTOR INTERNAL FEEDBACK 
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We can neutralize this oscillation by connecting an external feedback 
circuit which is exactly equal In voltage and opposite in polarity to 
the internal feedback. Figure VR shows two ways an amplifier can be 
neutralized* The neutralization circuit is labelled Cn* v 




TYPICAL NEUTRALIZING CIRCUITS - y 

RF amplifiers are designed to take- into consideration any "strty 
reactances 41 which may result at high frequencies. An example of the v 
effect of stray reactances is\ shown in Figure 19. 7 



+vee * +vbb 




Figure 19 

STRAY REACTANCES IN RF AMPLIFIER CIRCUIT 

The capacitances Co and Cin represent the accumulation of reactances 
due to the position of wires arid components in relation to the chassis* 
When you repair a circuit, you must be neat and cautious so that 
replaced components will be- positioned as they were before repair* 
Otherwise you may cause a frequency change or oscillation in the 
amplifier* - 
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Amplifiers can be biased to operate either Class A* Class B 5 Class AB* 
or Class C, Figure 20 shows Class A amplifier operation. 
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Figure 20 
CLASS A OPERATION 




— 360°— 
OUTPUT 



Mn the figure* the left diagram is the input signal voltage for one 
cycle. The center diagram includes both the- collector current waveform 
and a bar chart of the transistor conduction time. The right diagram 
is the amplifier output voltage waveform from a CE transistor amplifier 
using a collector load resistor. In Class A amplifiers* the transistor 
conducts for the entire duration of the input cycle. The forward bias 
is set high enough so that conduction will occur over the entire input 
cycle. The amplified output waveform is a non-distorted image of the 
input waveform. 
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Figure 21 shows Class B amplifier operation. 
I 
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Figure 21 
CLASS B OPERATION , " 

In Class B amplifiers, the transistor conducts for half the duration of the 
Input cycle. The bias is set near zero which causes the transistor to cut 
off and to produce a clipped, or distorted, output signal Class B amplifiers 
are more efficient than Class A amplifiers due to the reduced conduct.^" 1 time. 



Figure 22 shows Class AB amplifier operation. 
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Figure 22 ■ « 

CLASS AB OPERATION 

In Class AB amplifiers, the transistor conducts between 180* and 360° of the 
input cycle. The conduction time Is greater than for Class B, and less than 
for Class A amplifiers. The bias in Class AB amplifiers is set to cause, the 
transistor to cut off for less than half of the input cycle. Class AB 
amplifiers have less output distortion than Class B amplifiers, but also are 
less efficient than Class B amplifiers due to the increased conduction 
tine. -' 
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Figure 23 shows Class C amplifier operation. 
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Figure 23 ■ " *^ 
CLASS C OPERATION 

,„ Cass C -pllflfs. the transistor conducts for ab^t 120; of f the 

1 *"h C fi l !f-th h . , lSSt , Ser.V C C% ierfhU the greatest 
XuE^gnal'SutoMuc are the .OS? efficient to operate- because 
they have the shortest conduction time. 

Figure 24 shows an application of a Class C amplifier circuit. 




Figure 24 
* 

CLASS C RF AMPLIFIER 
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Hit* reverse bios tm tyl is shown ds -V3B* The^expected output wave 
is shown in Fiyyre 23, and the actual output wave is shown in Figure 
24, The modified output wave is caused blithe flywheel effect of the 
tank, A single pulse put into a tank produces the "damped 11 sine wave 
shown in Figure 25, 



_n_ 

o- 




PULSE + TANK = DAMPED. OUTPUT WAVE 



Figure 25 

FLYWHEEL EFFECT ~* 

In class C operation, the tank will get a current pulse from the 
transistor collector one time for eachinput cycle as shown in Figure 

2b; 



IN TO AMPLIFIER 



I PULSE TO TANK 





E OUT FROM TANK 



Figure 26 

TANK OUTPUT FROM, CLASS C AMPLIFIER OPERATION 

The repeated current pulses change the damped output wave (shown by the 
dotted line) to resemble the reasonably good sine wave (shown by the solid 
line). The flywheel effect is often used in Class AS. B, and C, RF/IF 
amplifiers to provide a non-distorted sine wave output. 

Amplifier efficiency increases as the "amount of DC operating power decreases. 
Since operating power is directly related to operating current, the . efficiency 
of each amplifier class is affected bv the transistor conduction time. * 
Class A amplifiers have continuous transistor conduction, and are the least 
efficient to operate. Class C amplifiers are the most efficient to operate,, 
and are used in applications which require large amounts of output power 
such as the final output amplifier of a radio transmitter. 
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One method to test the frequency response of an amplifier includes a 
standard signal generator <jnd an oscilloscope as shown in Figure 27* 



SIGNAL 




■m- 



GENERATOR 





Figure 27 



FREQUENCY 



MANUAL FREQUENCY RESPONSE CURVE 



The signal generator is manually set to exact frequency values* The 
height of the vertical line on the CRT shows' the amplitude of the - 
amplifier's output signal at one test frequency* You get a frequency 
response curve by drawing a smooth curve connecting the top of each 
line* for a number of different input test frequencies* 

A more efficient and accurate method to test the frequency response of 
an amplifier is to use a sweep frequency generator* It produces a 
frequency modulated (FM) signal that varies back and forth* or sweeps, 

over a section of the frequency spectrum* Figure 28 shows a typical 
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Figure 28 
FREQUENCY SWEEP 



*The variable frequency signals from the genn^dtor are fed to the 
vertical input (Y) terminal of the oscillorcope. The CRT produces a 
rectangular display which is a combination of the sine waves from the 
many input frequencies, 'The tfispla^/from the sweep generator, is ba^pd 
on frequency rather than on -time* and is often called a "frequency ^ 
sweep' 1 . 
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A second generator output is called a sawtooth sweep voltage* The 
sweep generator is designed so that the sawtooth horizontal sweep 
voltage also generates the variable frequency output signal * In Figure 
28* the sweep generator's horizontal sweep {sawtooth wave) output is 
connected to the horizontal plates of the oscilloscope through the X 
.termi nal * ' 



Since the inputs to the pscil loscope's X and Y terminals are synchronized, 
the CRT display will be based on frequency , and not on time* Typical 
display is shown in Figure 29, 

t MHz 

MARKER PIPS 




Figure 29 
FREQUENCY SWEEP WITH MARKERS 



The pips on the frequency sweep are the result of marker frequencies 
added to the sweep frequency signal, A wide range of marker frequencies 
are usually available to allow precise control of ;,he sweep generator 
output frequency. In Figure 29 > the sweep is 5 MHz each side of the 
center frequency of 5 MHz, 
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Fiyure 30 shows a typical sweep frequency generator test set-up. 




Figure 30 



SWEEP FREQUENCY GENERATOR METHOD 

The sweep frequency generator sweeps a band of frequenciesover the 
amplifier's frequency range. When the switch is in position #1, as 
shown in Figure 30, the amplifier's. output resembles insert A on the. 
CRT. When the switch is in position #2, the rectifier - filter demodu- 
lator is placed into the circuit and converts the amplifier output to 
resemble insert B on the CRT. This test method permits direct observa- 
tion of amplifier frequency response curves. 

You will have the opportunity to use the sweep frequency generator in 
the job program for this lesson. With this device, you will measure 
the frequency response of an RF amplifier in the NIDA trainer. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY , PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY ' 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CoRPECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PARES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RES TUDY- THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF 
YOUJFEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THIS LESSON, 
SELECT AND USE ANOTHER WRITTEN MEDIUM Of INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER' INSTRUCTOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON 3 

IF Amplifiers 

In this lesson you will learn some important operating characteristics of 
IK amplifiers* Ybu will learn how synchronous and stagger tuning relate to 
IF amplifier frequency response* You will be able to identify the function 
of IF amplifier components using schematic diagrams* You will find out how 
an amplifier becomes overdriven, and how gain control circuits prevent over- 
driviny by changing transistor forward bias* You/Hill learn how a built-in 
"S" meter on a superheterodyne receiver can helf/you locate a faulty receiver * 
stage* You will determine IF amplifier frequency response curve characteris- 
tics, and troubleshoot an IF amplifier using test equipment* 

The learning objectives of this lesson are: 

TERMINAL OBJECTIVE(S): 

31*3*54 . When the student completes this lesson, {s)he will be able to TROUBLE 
SHOOT and IOENTIFY faulty components and/or circuit malfunctions 
in solid state IF amplifiers when given a training device, 
prefaulted circuit board, necessary test equipment, schematic 
diagram and instructions* 100* accuracy is required* 

ENABLING OBJECTIVE(S): 

When the student completes this lesson, (s)he will be able to: 

IDENTIFY the function of IF amplifier circuits in a superheterodyne 
receiver by selecting the correct statement from a choice of 
four* 100% accuracy is required* 

IDENTIFY the functions, characteristics and applications of, 
synchronous and stagger tuned IF amplifier circuits by selecting 
the correct statement from a choice of four* 100% accuracy is 
required* * 

IDENTIFY the function of components and circuit operation of a 
common-emitter IF amplifier stage, gi : ven a schematic diagram, by 
selecting the correct statement from a choice of four* 100% % , 
accuracy is required* 

IDENTIFY the output signal characteristics of an overdriven 
amplifier by selecting the correct statement from a choice of 
four* 100% accuracy is required* 



31*3.54*1 
31*3.54*2 

31*3*54*3 

31*3*54*4 
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31,3,i>4,b IDENTIFY the gain characteristics of a transistor biased in the 
linear and non-linear operating regions by selecting the correct 
statement from'a choice of four, 100% accuracy 1s required, 

31,3,b4,6 IDENTIFY the functions of an AGC circuit by selecting the correct 
statement from a choice of four, 100% accuracy is required, 

31,3,64,7 IDENTIFY the components, component functions, and circuit operation 
of an AGC circuit, given a schematic diagram, by selecting the 
correct list br statement from a choice of four, 100% accuracy 
1s requi red, 

31,3,b4,<l IDENTIFY the faulty stage(s) in a superheterodyne receiver, given 
a block diagram showing "S" meter location and failure symptoms, 
by selecting the'xor-ect fault from a choice of four, 100% 
accuracy is required, 

31,3,54,9 MEASURE and COMPARE frequency response and gain characteristics 
of IF amplifier circuits given a training device, circuit boards, 
test equipment anif proper -tools, schematic diagrams, and a job 
program containing reference data for comparison. Recorded data j 
liiust be within 1 imitS: stated in the job program, 

31.3, 10 IUENTIFY the faulty component or circuit malfunction in a given 
'IF amplifier circuity given a schematic diagram and failure 
symptoms; by selecting the correct fault from a choice of four. 



100% 



accuracy is required. 



This objective is considered met upon successful completion of 
the terminal objective. 



' SEF0RE YOU START THIS LESSON, READ THE LESION LEARNING OBJECTIVES ANO PREVIEW 
THE LIST OF STUDY RESOURCES ON THE NEXT PA3E. 
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Study Resources 

LIST OF STUDY RESOURCES 
LESSON 3 

IF Amplifiers 

To learn the Material in 1 this lesson, you have the option of choosing, 
accordiny to your experience and preferences, any or all of the following 
study resources* 

Written Lesson presentation in: 

Module booklet: 

Summary 

Programmed Instruction 
Narrative 

Student's Guide 

Suitmary * 
Progress Check 

Job Program Thirty-3 "IF Amplifiers" 

Fault Analysis KS. \ 

Performance Test I.s; 

* 

Additional naterial(s): 



Thirty One-3 



Enrichment «aterial(s): 

NAVSH1P U967-UU0-U120 "Electronic Circuits" Electronics Installation and 
Maintenance Book (EIMB) Naval Ship Engineering Center, Washington, D.CT7 
U.S. bovernment Printing Office 1965. 



YOU MAY. USE ANY, OR ALL , RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
CENTER INSTRUCTOR; HOvOER, ALL MATERIALS LISTED ARE NOT NECESSARILY 
KEijulREU TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT 
ANY TIME. 
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IF Amplifiers 



ainplifiers are cuiniinjnly found in both receivers and transmitters- IF 
abi^lifiers provide the required siynal gain and selectivity in superhetero 
oyne receivers such as radio, television, and radar. 

i\u U <ji*i;;1 ifier is oasically a tuned, hiyh gain, fixed frequency RF arrpH- 
tier with transformer jroupl ing. Ideally, the IF ampl ifier will select and 
amplify with constant*gain only the desired signal conta \ ning, all the 
information needed for yood siynal reproduction. Therefore, the idoal IF 
d**vlifier should have the rectangular frequency response curve shown in 



Figure I. 




FREQUENCY 




IDEAL IF RESPONSE CURVE 
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An actual IF amplifier with tuned-primary transformer coupling has a 
frequency response curve which more closely resembles Figure 2. 
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SINGLE TUNED TRANSFORMER COUPLING 



There are ways to make the frequency response curve* of an IF amplifier 
resemble the ideal curve and thus improve ampl if ier operation. One method 
is to tune all circuits in the Signal path to the same frequency, or 
synchronous tune . A tuned circuit may be added to the secondary of the 
transformer coupl ing in Figure 2, If the two tuned tanks are synchronous 
tuned to the IF center frequency, the resulting frequency response curve 
is shown in Figure 3, * 

-7+ — BANDWIDTH 




FREQUENCY 



Figure 3 - * 

SYNCHRONOUS DOUBLE-TUNED TRANSFORMER COUPLING 

In tMe figure^ the bandwidth has become narrower and selectivity has 
increased. 

Synchronous tuning may cause the bandwidth to become too narrow to properly 
amplify all of tfce desired signal. For. example, television and radar 
signals require relatively broad bandwidth amplification. 
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v 

One method to increase the bandwidth of an IF amplifier is to tune each 
tuned coupling circuit to a slightly different frequency, or stagger tun e* 
The resulting frequency response curve for an amplifier with three stagger* 
Tuned circuits is shown in Figure 4, 




Figure 4 



STAGGER-TUNED RESPONSE CURVE 

You can see that stagger tuning resonant coupling circuits widens 
ampl ifier bandwidth* y 

Synchronous anci stagger tuning c^n be applied to the operation of a 
typical common -emitter IF amplifier stage shown in Figure 5* 




Figure 5 



TYPICAL COMMON -EMITTER IF STAGE 

This circuit contains two single-tuned interstage coupling transformers, 
TI and T2 can be synchronous slug-tuned to provide a narrow bandwidth 
amplifier with good selectivity, TI and 12 can also be stagger tuned to 
increase amplifier bandwidth. Proper "tuning in a string of If amplifiers 
will produce just about any gain and selectivity required in the receiver. 
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The NIDA trainer IF amplifier stageis shown in Figure 6, 



WAV 




NIDA IF AMPLIFIER 



The input signal is applied to coupling transformer Tl, The tap on Tl 
provides an impedance match with the collector circuit in the previous 
stage. This type of transformer is often enclosed in an aluminum 
shield to prevent unwanted coupling to nearby wires and transformers. 
Inductive tuning is done by a tuning slug. The step-down secondary on 
Tl provides a low impedance match to the Ql base circuit, RI and R2 
provide forward bias to fll, 

pecoupling 4 capacitor X5 ensures all signal voltage is developed across the 
secondary of Tl, and does not enter the power 'supply. 

In the Ql collector circuit, the output tank in coupling transformer T2 is 
tuned to the operating center frequency of 10,7 ^Hz, C4 and R4 are decou- 
pling components "winch act to ensure that aU signal voltage is developed 
across the tank, and does not enter the power source, R5 reduces, the 
tendency for strong signals to forward bfas the collector-base junction of 

Ql,which might cause oscillation* 

j 

IF amplifiers are usually cascaded to perform their function in a receiver 
or transmitter. As the number of cascaded amplifiers increases, the gain 
may become high enough to cause ofttf or more amplifier stages to be overdriven. 
Severe signal distortion would result as the design capabilities of the cir- 
cuit and power supply would be exceeded. Therefore, some type of gain control 
is needed. 



162 



155 



Summary ; Thirty One-3 

The amount of forward bias on the transistor's* base-emitter junction (V gr) 
affects the static operating level of the transistor which, in turn, 
affects the, amount of gain* The transistor produces a reasonably constant 
gain within "a certain bias range called the linear operating region for the 
transistor* when the forward bias is significantly above or below the 
linear region, the transistor .is operating in the non-1 inear operating 
regions* In these regions, the transistor produces lower yain and, with 
1-irge signals, possible distortion* 

The relationship between bias, conduction, and gain are found in the . 
transistor characteristic curve in Figure 7* 
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Figure 7 

TRANSISTOR CHARACTERISTIC CURVE 



The curve is used to determine the amount of gain related to bias and 
conduction levels for a given input signal* Figure 7 shows examples of 
three identical input signals applied to a transistor at bias levels 
within each of the regions* The amplitudes of the input signals are shown 
above the region labels* The differences in the resulting output amplitudes 
demonstrate that gain is reduced by applying forward bias either in the 
"P.' 1 region (reverse bias gain control) or in the "F" region (forward bias 
gain control)* you should note that distortion in the non-linear regions 
is minimized with small signal levels* 
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Figure 8 
MAN UAb IF GAIN CONTROL - 



In the figure, forward bias is provided by Rl, R2, and R6. As the arm o 
R6 is moved upward, a more positive voltaqe is p/laced on the base of Qi 
which reduces the'forward bias on QL If the arm of R6 is moved upward 
high enough* reverse bias gain control will result. 
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An automatic gain control (AGC) circuit provides a more constant output 
from the audio or video eqfcupment in which it is used/ Figure 9 shows the 
addition of an AGC circuit 4o the IF amplifier stage in Figure 8, 



+Vec 




Figure 9 



AUTOMATIC GAIN CONTROL (AGC) 



The AGC components provide an automatic reverse bias gain control over 
previous RF and IF amplifier stages. The AGC voltage in a receiver is 
usually tied to an AGC "bus" which provides feedback to previous stages on 
the same bus. 

In the figure, C7 couples a part of the IF output signal to CR1, This 
leaves a rectified small positive average DC voltage at the junction of 
CR1, C7, ana R7, This small positive voltage decreases toward zero as the 
amplitude of the IF signal increases enough in strength, R6 and R7 form a 
voltage divider between + V^and the AGC output voltage. As the positive 
voltage at the CR1, C7, and R? junction decreases (but never becomes 
negative), the AGC output voltage becomes less positive. This lowers the 4 
AGC bias voltage on the bus and reduces the gain of previous stages, R8 
and C6 filter the AGC voltage to produce a smooth DC level. 

You will be using the "S" meter in the NIDA trainer assart of the Job 
Program for this lesson. The meter is often used in superheterodyne receivers 
to indicate the strength of received signals, and to help center-tune thi 
receiver, Cal ibration for ^S' 1 meters can be in "S" units, decibels, or 
some other numerical scale units. In the^ NIDA trainer, calibration is on a 
scale from 0 to 10, The "S" meter on the NIDA trainer is found in the 
second IF amplifier stage, 
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Figure 10 



IF AMPL I FI ER STAGE WITH 'V METER 



For the meter circuit to operate, part' of the IF signal is tapped off the 
Ml collector circuit* The pulsating +UC voltaye across the half-wave 
rectifier CK1 is applied to dropping resistor R6, and meter Ml* The meter 
pointer indicates the average DC vultage level across CR1, 

Technicians often use the "S" meter as a piece of built-in test equipment 
(ulTE) to aid in troubleshooting. When a Signal is tuned in, an "S meter 
deflection indicates that receiver circuit problems are likely to be 
located in stages following the meter. If no deflection occurs, refceiver 
problems are likely to be located in stages somewhere leading up to and 
including the meter circuit. 

AT TrilS PUINT, YUU MAY TAKE THE LESSON PROGRESS CHECK* IF YOU ANSWER ALL 
SbLF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 

ANSWER unly a few uf the progress check questions, the correct answer page 

WILL KEFEK YUU TU THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RtSTUDY THE PARTS UF THIS LESSON YOU ARE HAVING DIFFICULTY WITH, IF 
YUU KLEL THAT YUU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, 
SbLECT AND USE ANUTHEK WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL VOL 
CAM ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON 3 

* * IF Amplifiers 

TtiT FRAMES ARE 7, 14, 24, and 28* PROCEED TO TEST FRAME 7 AND SEE IF YOU 
CAN ANSWER THE QUESTIONS. FALLOW THE DIRECTIONS GIVEN AFTER THE TEST 
FRAME. 

^1^ IF amplifiers are common circuits found in both receivers and trans- 
mitters* You now will learn some operating characteristics of IF ampli- 
fiers in superheterodyne receivers. Most modern radio, television, and 
radar- recei vers are of the superheterodyne type. You have worked with this 
type of receiver in Module 18„ Gasic Troubleshooting Techniques , and Module 
19, Troubleshooting the Amplifier Stage in a Radio Receiver . In a super- 

. heterodyne receiver, the incoming signal is mixed, or heterodyned , with a 
* signal product by a local oscillator, this ir.ixing action produces a 
continuous fixed frequency output signal called the Intermediate Frequency, 
or IF. The IK contains all the information of the original antenna signal. 
■All superheterodyne receiver^ jnust amplify these IF signals. Therefore, 
IF amplifiers are used to provide whatever signal gain and selectivity are 

■required in a receiver. 

An IF siynal is produced when an incoming signal is 

with a local oscillator signal. 
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heterodyned (or mixed) 
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£^ mm IF amplifier is basically a tuned, high gain, RF amplifier with 
transformer coupling* You recajl that one difference between RF and IF 

r t m 

S 

amplifiers is that IF amplifiers are tuned to a fixed frequency* The 
input signal into an IF ainplifi^r has been converted to a fixed frequency 
oy the converter staye in the receiver* Once an IF amplifier has been 
tuned to a center frequency at or near the fixed input frequency, no 
wore r*tunin9 is necessary* 

IF amplifiers are basically RF amplifiers with ( fixed/variable ) tuning* 



fixed : , 

3^) IF amplifiers commonly use tuned transformer coupling* In the previous 
lesson, you leajped that amplifier coupling is important in determining 
amplifier bandwidth and selectivity* How let's look at a practical situa- 
tion which shows how coupling affects amplifier operation. 
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Suppose you tune in your favorite rock station at. 790 kHz on the AH radio 
dial. In order to get good sound reproduction, your radio receiver will 
be tuned to select a center frequency of 790 kHz with a 10 kHz bandwidth as 



shown in Figure 1 
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Figure l: IDEAL RECEIVER FREQUENCY RESPONSE CURVE 

♦ 

Ideally, your radio receiver should select and amplify only the signal 
which contains the 1 necessary information, and completely reject all other 
signals* To do this, an ideal receiver would need the rectangul ar frequency 
response curve shown in Figure 1* In the figure, the flat top indicates 
that the receiver should have constant gain within the 10 kHz bandwidth* 
The. vertical sides at Fx and Fy indicate that frequencies on either side of 
these points would not be amplified* ^ 

In figure 1, the*flat top shows that the ideal receiver has constant ' * 
within the bandwidth around a selected Fo* 



gain (or amplitude!" 
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(^) The converted input signal into an IF amplifier in your radio receiver 

contains all the original information needed for good sound reproduction. 

Therefore, the ifledl IF amplifier should have the rectangular frequency 

response curve shown in Figure 2* 
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Figure 2 
IDEAL IF RESPONSE CURVE 



FREQUENCY • 



Notice that the shape of the response curve in Figure 2 is the same as for 
the ideal receiver response curve in- Figure 1, Therefore, the ideal IF 
amplifier should have constant gain within its bandwidth, and no gain, 
eyond the bandwidth limits as Fx and Fy as shown in Figyre 2. 
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As you have learned, an actual IF amplifier with tuned transformer coupling 
has a frequency response curve which more closely resembles Figure 3. 
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TYPICAL FREQUENCY RESPONSE CURVE 

♦ 

The sloped sides indicate that the gain does not stay constant within the 
bandwidth, and that some amplification occurs beyond the limits of the 
bandwidth. 

The frequency response curve of an IF amplifier has ( vertical /si oped ) sides 
wtvlch indicate that ( no/some ) amplification occurs beyond the bandwidth 
limits. 



sloped, some 



(5^ There are ways to make the frequency response curve of an IF amplifier 
resemble the ideal curve in order to improve amplifier operation. You 
recall that amplifier selectivity increases as more resonant circuits tuned 
to the same frequency are added in the signal path/ Figure 4 shows a 
coupling circuit with a tuned primary, LI, and related amplifier frequency 
response curve* * _ 
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Figure 4 

SIMGLE-TUNED TRANSFORMER COUPLING FREQUENCY RESPONSE CURVE 
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A Uinud circuit my be addud to the secondary, L2, as shown in Figure 5. 
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Figure 5 

DOUBLE-TUNED TRANSFORMER COUPLING FREQUENCY RESPONSE CURVE 
Both primary and secondary can be tuned to the same frequency. This 1s 
called synchronous tuning . Synchronous tuning occurs when all tuned 
circuits in the signal path are tuned to the same frequency. If the two 
tuned tanks are synchronous tuned to the IF center frequency, the resulting 
frequency response curve Is shown In Figure 5, Notice that the sides are * 
relatively steep and the bandwidth has become narrower. This indicates 
good selectivity, ^ 

The selectivity of an amplifier increases if resonant circuits are added in 
tne siynal path and tuned to the IF center frequency. 



synchronous 



^7) You know how i£ increase amplifier selectivity. However, as selectivity 
increases, the j/andwidth becomes more and more narrow. If the bandwidth 
becomes too Harrow, part of the desired signal may not receive enough 
amplification and the result will be a distorted ti;tput (sound, picture, 
etc) For example, a jlelevision or radar signal has a very broad band- 
width, Kadar and TV receivers use IF amplifiers which must have a wide 

enough bandwidtn to receive and amplify this bro^djb^d signal, 
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One method to increase the bandwidth of an IF amplifier is to use stagger 
tuni ng * In stagger tuning* each tuned coupling circuit is tuned to a 
slightly different frequency. The resulting amplifier frequency response 
curve for an amplifier with three stagger-tuned circuits is shown in Figure 
6. 

0, 

h 



o 
u 

T 
P 

u 

T 



-BANDWIDTH H 

fp ! OVERALL RESPONSE 




I 



FREQUENCY 



Figure 6 
STAGGER-TUNED RESPONSE CURVE 
\h the figure, the curve now has a fairly flat top which indicates that the 
I gain is at a relatively constant level across the bandwidth. The sides of 
' the c^urve are sloped, however the shape resembles the ideal response. You 
can see that adding and tuning resonant coupling circuits affect amplifier 
bandwidth and selectivity. 



One way to widen the bandwidth of an IF amplifier is to_ 
resonant coupling circuits. 
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(7J) THIS IS A TEST FRAME * COMPLETE THE TEST QUESTIONS AND THEN COMPARE 
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOW- 
ING THE QUESTIONS* 

1* Tne flat-top part of the frequency curve for an ideal IF amplifier 
indicates 

a* good selectivity 

b* constant gain 

c* narrow bandwidth 

d* amplifier efficiency 

i? 

2* Synchronous tuning of an IF amplifier 
a* widens the bandwidth 
b* increases the center frequency 
c* heterodynes the input signal 
d* increases selectivity 

3. The bandwidth of an IF amplifier is widened by 

a* stagger tuning 

b* synchronous tuning 

c* adding tuned circuits in the signal path 

d* increasing selectivity 
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1, b. constant yain 

£* u, increases selectivity 

3, a, stayer tuning 

_ - 

IF YUUk mMSWERS HATCH THE CORRECT ANSWERS YOUJflAY GO TO TEST FRAME 14, 

OTHtKtilit UU BACK TO FRAME 1 AfJD TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING 

TtiT FRAKE 7 AGAIN. 

^H) Now let's look at the diagram of a typical common-emitter IF amplifier 
staye shown in Fiyure 7, ' 




Figure 7 

TYPICAL COMMON-EMITTER IF STAGE 



You recall that single-tuned transformer coupling has only one tuned tank, 
and that double-tuned transformer coupling has two tuned tanks. Double* 
tuned transformers are quite common in IF stages when a narrow bandwidth is 
uesired. However, the bandwidth requirements for the circuit in Figure 7 
are best provided by the single-tuned tanks. In the figure, neutralization 
components have noi been included. You will find that neutralization 
coiiyunents are often added to amplifiers operating at high intermediate 
frequencies, 
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n Figure 7 5 the coupling circuits are (sing le/double ) - tuned* and the 
amplifier has (som e/ no) neutralization components. 

Tingle, no ~ " _ 

^) You have learned how both synchronous and stagger' tuning improve 
amplifier operation. Let'§ apply this knowledge to tne operation cf the 
coupling components in the common-emitter IF amplifier stage shown again in 
Figure 8, 




Figure 8 
TYPICAL COMMON-EMITTER IF STAGE 

In the figure. CI tunes the primary of Tl . and C2 tunes the primary of T2, 
If a narrow bandwidth amplifier is desired 3 CI and X2 can be tuned to the 
same frequency* or synchronous tuned. If a wide bandwidth amplifier is 
desired 3 CI and C2 can be tuned to a slightly different frequency* or 
stagger tuned. 

If CI and *C2 in Figure 8 are stagger tuned, the IF amplifier bandwidth will 
become (wider/narr ower) . 



wider 
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^1U^ The overall amplification of a receiver can be increased by using a 
string of IF amplifier stages* Oust about any frequency response charac- 
teristic, can be achieved by properly tuning the various stages* An IF 
amplifier therefore accomplishes two major functions in any receiver* It 
estaulishes yain^ and controls bandwidth which affects selectivity* 

Two frequency respons^ characteristics affected by tuning IF amplifier 
• and * • 



gain, uandwidth (or selectivity) 

^) You are familiar with the circuit diagram of a typical IF amplifier. 
Now let's look at the IF amplifier circuit that you will study on the NIDA 
trainer* The circuft is shown in Figure 9* 
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NIDA IF AMPLIFIER 
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At first glance, this circuit may appear totally different tc you from the 
typical common-emitter IF amplifier stage you have been .studying which is 
shown again in Figure 10* 




Figure 10 
TYPICAL COMMON-EMITTER IF STAGE 



However, on closer inspection, you will see that the diagrams in Figures 9 
and 10 are basically the same common-emitter IF amplifier circuit. The 
types of coupling transformers at Tl and T2 are different between the 
figures (inductive vs capacitive tuning)* Also, the Vqq source voltage is 
a ilied to ttie emitter in Figure 9, whereas it is applied to the collector 
in Figure 10, However, these differences do not change the circuit opera- 
tion or the function of the components. 

The NIDA IF amplifier circuit shewn in Figure 9 is basically different from 
the typical common-emitter IF amplifier circuit shown in Figure 10, 

a. true 

b. fal se 



b* fal se 
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(IT) Let's take another look at the NIDA IF amplifier circuit in Figure 11, 



and check out the operation of the base-emitter circuit components* 



OUTKTT 



wnw input 




Figure 11 
NIUA IF AMPLIFIER 
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Lie input signal is applied to the first IF translormer, Tl* Notice that 

Tl is a single-tunea transformer with a tap on the primary. This tap 

provides an impedance match with the collector circuit in the previoJI 

stage* This type of transformer is often enclosed in an aluminum shield to 

prevent unwanted coupling to nearby wires and transformers. Inductive 

tuning is done by a tuning slug* Tl has a stepdown secondary to provide a 
t * 

low impedance match to the base circuit of Ql* Forward bias is provided to 
Ql t>y Rl and R2 to establish Class A operation. Decoupling capacitor C5 
ensures all signal voltage is developed across the/Cecondary of Tl* 
Emitter stabilization i? provided by R3 and C3* 



Which components in Figure 11 provide forward bias to Ql? 



Rl, HZ 
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# (p). Now we will cover the operation of the collector circuit components in 



the NIDA IF amplifier circuit. 




In Figure 12, T2 is a sintjlotuoed transformer. The primary- of T2 and 
C2 meke up the output tank circuit whi^h acts as the collector load for 
Ql, This tank is' tuned to the center operating frequency of the IF' amplifier 
which is 10,7 MHz, r C4 and R4 acts as a* decoupling circuit to ensure thet 
all signal voltage is developed across the tank, and therefore does not 
enter the power supply, R5*is the ma in -reason why additional neutraliza- 
tion is not required in this circuit, RS^peducec the tendency for the" 
col lector-base junction of Ql to become forward biased on strong signals. 
Such forward bias coul d produce enough positive feedback to cause oscillation 

Which component in Figure 12 reduces the possibility of ampl if ier oscil la- 

tion? ■ , < 

* * 
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14J THIS IS A TEST FRAME . COMPLETE THE TEST QUESfcfONS AND THEN COMPARE, 
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOW-, 
ING THE QUESTIONS, ' . 

USE THE DIAGKAM BELOW OF AN 1^ AMPLIFIER CIRCUIT TO ANSWER QUESTIONS 1 THRU 
4. 

; +Vee 
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Figure 13 * 

1, If. the Inductive coupling circuits are stagger tuned, the amplifier's 

bandwidth would 
v a. remain the same 

b. become wider » 

c. become narrower 
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The transformers Tl and T2 are each 
a* double-iuned 
bt sinyl e-tuned 

Tl ndS a step-down secondary in oVder to 

d* neufr^ftize the effect of stray reactances 

chanye the Fo of the tank in Tl 
c* provide emitter stabilization to Ql 
d* provide an impedance inatch-with Ql 

Rb is used to reduce the possibility of amplifier 
a* oscillation 
b* degeneration 

c r neutralization 4 
d^ decoupling 
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1. 

2. 

J, 

4. 



b, become wider 

b, sinyle-tuned 

d, provide an im)>edance match with Ql 

a, oscillation 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 24, 
OTHERWISE GO BACK TO FRAME 8 AND TAKE THE PR tSftp, AHMED SEQUENCt BEFORE TAKING 
TEST FRAME 14 AGAIN, 



1^) IF amplifiers are usually found connected together in series to 
perform their function in a receiver or transmitter. In other words, the 
output frpM one IF amplifier stage becomes the input into the ne*t stage. 
You recall from your study of decibels that amplifiers connected in series, 
or cascaded, can produce a very high total gain. An example of three 
cascaded, amplifiers is shown in f igure 14, 




Figure 14 

i 

HIGH, GAIN IF AMPLIFIERS 

Km '" * 

, ■ <f 

Each amplifier in the figure has a 20 dB gain. Therefore, the total gain 
is the sum of the dB gains for each amplifier, or 60 dB. You can use the 
faniliar dB chart jnd" graph, shown in Figure 15, to find the voltage ratio 
conversion forja 60 dE gain. 



177 



IS 4 



P.I. 



Thirty One-3 









HA T)r> 


jjp r rftl.i r ; 




1 


t » '■ 


. ^ 




'» i- 




J * 




L_ii 


, 77- 






1 *f 






I *■ * 






L.~" 






2 L 




4 0. 


2 ^ 




* 01 


a * 












► i' 


10 


' IP 




. ts 








100 




as 


a 1422 




30 


1001- 




. *J ■■ 


10 ooa 




W 


100.000 




CO 


1. 0*0.000 




*-0 


ID 0M> 009 






L00,0i-0.000 






1,000, (*0 L 000 




lOy 


10 L OW> 000,000 




Figure 15 
dB CHART/GRAPH 

Froni the chart, you find that 60 dB converts to a voltage ratio of 1000, 
This means that the output signal from the third amplifier is 1000 times 
greater than the input signal into the first amplifier. For example, a one 
'millivolt input produces a total output signal amplitude of 1 volt* 

Several cascaded anyljfiers produce a voltage gain of 100, This means that 
an input signal of 2 millivolts produces a total output signal of . 



,2 volt (or 200 millTvoTtsT 
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a ♦ 



Suppose that several cascaded IF amplifiers havc^a normal operating 
input siynal of one millivolt into the first stage, and a total voltage 
tjain of 1U0U. If a relatively strong input signal of one volt were applied, 
you wiyht think that the total output would equal 1000 volts. Of course 
tnis larye an output signal will not happen because it exceeds the design 
capability of the circuits and power supply. However, severe limiting^or 
clippiny, of the signal would occur and produce unwanted distortion. Each 
IF amplifier sta^e has a normal operating input signal voltage. If this 
vultaye is exceeded enouyh to cause clipping of the output signal, the 
amplifier staye is said to be overdriven. \ * 



hw IF amplifier is when the input signal voltage is high 



enouyli to cause clipping of the output signal. # 
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(^7) Some type of gain control is needed to avoid overdriving an IF ampli- 
fier. To understand how the gain of an IF amplifier may be controlled, we 
first must examine the effect of bias on transistor amplification. You 
recall that transistors require a certain amount cooperating DC current to 
function. The amount of forward bias on the transistor* s base-emitter 
junction (V[je) affects the level of operating DC current in the transistor. 
As an example, Figure 16 shows the effect of forward bias on transistor 
operation in a Class A amplifier* * 
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Figure 16 
CLASS A AMPLIFIER OPERATION 
^You remember that Class A amplifiers conduct even when no signal is present* 
This is called the transistor's static operating level, and is shown by the 
dotted line in Figure 16* When the transistor receives an input signal x 
the transistor produces. a current waveform that varies about this static 
operating levej. This waveform, is shown by the sine wave in the figure* 
If the forward bias is changed, the static operating level of tf\e transistor 
Is changed. 

The amount of affects the static operating level of 

the, transistor. 



forward bias 
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(hT) The amount of^transistor gain is related to the transistor's static 
operating level* Since the static operating level is affected by the 
amount of forward bias, gain is also affected by the amount of forward 
bias* Within*© certain range o1[ bias levels, the transistor produces a 
reasonably constant gain* This range is called the linear operating 
region "for the transistor* when the forward bias is significantly above or 
uelow the linear region, the transistor is operating in what are called the 
"non-linear" operating regions* A transistor operating in the non-linear 
operating regions produces lower gain, and possible distortion* 
A transistor produces reasonably constant gain when conducing within the , 
( 1 inear/non-1 inear) operating regions* 



1 inear 
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if^ The relationship between bias, conduction, and gain are found in the 
transistor characteristic curve in Figure 17* 



t 




J R N F 
Figure 17 

TRANSISTOR CHARACTERISTIC CURVE 



Tne horizontal axis (V^) is the amount of forward bias applied to the 
transistor. The vertical axis (Ic) is the amount of collector current. 
The curve is used to determine the amount of transistor output, or gain, 
related to bias and conduction levels fo. a given input signal. 
In the fiyure, a transistor biased at any point within the linear operating 
region "N" will produce maximum^gaTn* If the bias is reduced to any poin+ 
within the non-linear operating region ll R 11 , the transistor will produce 
less yain. The transistor also will produce less gain if the bias is 
increased to any point within the non-linear operating region "F"* The 
dashed lines in the figure represent specific bias points in the "R", "N", 
and "F" regions. The heights of the dashed lines represent the static 
operdting, levels for d trd ^or at these specific points, / 

Tne transistor characteristic curve is used to determine the naaiount of 
transistor re-ated to specific bias and conduction levels. 



ydtn iur output j 
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{2U^ Figure 13 shows examples of three identical input signals applied to a 
transistor at bias levels within the "R " , "N", and "F" regions. 
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Figure i8 
TRANSISTOR CHARACTERISTIC CURVE 



in the figure, the amplitudes of the input signals are shown above the 
region labels. The vertical lines extend from the input signal amplitude 
limits to the potnts^where they meet the characteristic curve. The hori- 
zontal lines represent the upper and lower amplitude l J hnits of the transis- 
tor "output signals; Notice the difference i n- th e-ocrtput amp 1 i tudes ijetween" 
the three reyicis. It is now obvious that the gains related to bias levels 
within the non-linear operating regions are smaller than gains within the 
linear operating regions. Therefore, amplifier gains can be reduced by 
applying forward bias at levels within either the V or *'F" regions.* The 
technique of reducing gain by applying forward Mas in the **R M region is 
called reverstrbias gain contr ol. The technique reducing gain by 
applying forward bias in the "F" region is called forward bias gain control . 

In reverse bias yain control, the transistor bias is set at a level (below/ 
above) the bias levels which produce maximum gain* 
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1) Now that you know the principle for controlling transistor gain, 

lets's apply ytfur knowledge to the components in a typical IF amplifier 

, <* 

circuit. Figure 19 shows the familiar IF amplifier stage from the NIDA 
trainer. 



-rVce 



OUTPUT 




Figure 19 
MANUAL IF CAIN CONTROL 
In the figure, the one addition to the diagram is potentiometer K6,. 
Forward bias is provided by components RI, R2> and R6, As you can see, the 
amount of forward bias can be manually controlled by varying R6, When the 
arm of R6 is in the bottom position, the forward bias in e circuit is in 
the normal linear operating region. Transistor ga^n is ai a maximum in 
this region. However, as the arm of R6 is moved upward, a more positive 
voltage is placed on the base of QI, This positive voltage e duces the 
forward bfas on QI. If the arm of R6" is moved upward high enough, the 
reduced level of forward bias would enter a non-linear operating region. 
In this region, the .transistor would produce less gain. You can see that 
manual operation of R6 is an^example of reverse bias g*in control, , 
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In Figure'19* manual operation of . potentiometer R6 provides - 

gain control tp the IF amplifier circuit. 



reverse uias 



(5?) Manual gain control might ie fine if there are a lot of extra peopfe 
with nothing to do but run around adjusting "pots" to compensate for weak 
and strong RF and IF amplifier signals. Happily* there is an automatic 
gain control (A6C) circuit which does the job quite nicely* AGC provides a 
more constant output from the IF amplifier stages* and from the audio or" 

A 

* j * 

video equipment in which AGC is used. - ' ' 
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Fiyure 2U shows the IF amplifier stage from Figure 19 with the addition of 

4Vcc 

the AuC components* 



pUTPUT 





AGC BUS - 1- — 

Figure 20 
AUTOMATIC GAIN CONTROL (AGC) 



In the fi yu re, the additional components art located withip thfe oval, and 
are labeled CRl, 16, C7,R6, R7, and R8, The AGC components provide an 
automatic reverse oias yairi control over RF and IF amplifier stages which 
are previous to this stage. As the siynal level within the stage in 
Myure Zu starts tu overdrive the- ainpl if ier, a reduced positive AGC 
voltaye is autouatical ly fed back to limit the gain of previous stages* 
This will ca^se a reduction in the signal level input to this stage, and 
prevent overdriving. The AGC voltage in a receiver is usually tied to a 
common interconnecting line, sometimes called an AGC "bus"* This AGC bus 
presides feedback from the AGC circuit to previous stages on the same 
bus* 

In Fiyure 2U, tfie conponents provide a reduced bias 

voltaye which is fed back .to previous amplifier stages^ 

** 
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T : 5 

(£5^ How, that you knowthe purpose of AGC circuit components , let's see how 
they function in an IF amplifier. Figure 21 shows the IF amplifier with 
fttit components added* 

+vcc 
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REVERSE ^ J i 



AGC BUS 

Figure 21 
AUTOMATIC GAIN CONTROL (AGC) - , 

In the figure* the IF output signal from QI is, felt across che output* 
coupling tank(C2-T2 primary), C7 is a small value capacitor that couples 
a samp >e of the IF output signal to the AGC diode CR1, CR1 has a static 
operating level of about +.7 DCV, This diode rectifies the IF signal anc* 
leaves a small positive voltage at the junction of CRI, C7,1an<N*7* When 
rhe IF signal increases enough in amplitude, the DC voltage across CRI 
reduces.. 
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AGC BUS 

Figure 21 

AUTOMATIC GAIN CONTROL (AGC) 

This reduced voltage approaches zero, but is never negative. In 

other words* as the IF output signal geti stronger, the voltage ^at the 

junction gets smaller. Now R7 and RG form a voltage divider between +VCC 

* d the AGC output voltage. Therefore, tfie AGC output is a small positive 

i)C voltage. As the voltage at the junction of CRI > C7> and R7 decreases* 

the AGC output voltage also decreases. This lowers the bias voltage on the 

AGC bus* thus reducing the gain of previous stages. R8 and C6 provide 

filtering of *the AGC voltage to produce a smootK DC level. 

* * 
When the voltage decreases At the junction of CRI, C7» and R7 in Figure 21, 

the AGC output voltage becomes 

a. less positive . 

b. more positive 

c. less negative , 



a. less positi ve 
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(24) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE 
YOUR ANSWERS **£th THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOW- 
ING THE gUESTIONS. 

* 

1* The purpose of IF amplifier gain control is to 
a* improve selectivity 
b* tune coupling tanks 
c* prevent overdriving 
d* limit the number of cascaded stages 

2* The IF "amplifier produces gain within the 

linear operating region* 
a* f ai rly constant 

b* relatively small ^ 

3* In reverse bias gain control* the amount of forward bias applied to an 

IF amplifier is in the operating region of the 

amplifier* 
- a* normal linear 

b* upper non-linear 

c* lower rtGn-linear 
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USE THE DIAGRAM BELOW OF AN IF AMPLIFIER m ANSWER QUESTIONS 4 AND 5- 

+vcc M J 




OUTPUT 



— , Figure 22 



4, By moiring the arm of the potentiometer upward, forward bias on Ql 
' a* remains the same "J 

b, is reduced > 
c* is increased 

5, By moving the arn of the potentiometer upv^fl^^^gh enough, what funct 
is performed? 

a* forward bias gain control 

b, reverse bias gain control 

c, increased selectivity 

d, decreased selectivity * * 
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USE THE DIAGRAM BELOW OF AN*. IF AMPLIFIER TO ANSWER QUESTIONS 6 THROUGH 8.- 



6. Which six labeled components are part of the AGC circuit?^ 

7. As the IF amplifier output signal level becomes weaker , the AGC output 
level becomes more 

a* rectified 

b, negative 

c, affective 

d, positive 

8. The AGC circuit affects the gain of 

a* - previous amplifier stages * 
b* this amplifier stage 

c* the following amplifier stages * 
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1* c, prevent overdriving 

i!, * a. fai rly constant 

J. c, lower non-linear 

4. b, is reduced 

b, u, reverse bias yain control 

o, CK1, C6, C7 y k&> R7, R8 

7, d, pusiti ve 

u, a, previous ainpfifier stages 



IV YUUK ANSWERS KATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 28, 
UTHtRWISE GU BACK TO FRAME 15 AND TAKE TljE PROGRAMMED SEQUENCE BEFORE 
TAKING TtST FRAhE 24 AGAIN, 



2§j Yuu will be wurking with the N IDA trainer as part of the job program 
activity for this lesson. You will need to use the built-in meter on the 
trainer, Fiijure 24 shoves the meter location on the block diagram of the 
NlUA trainer. m L / 
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Figure 24 

BLOCK DIAGRAM OF NIUA TRANSCEIVER TRAINER 
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The block^d+Sgram in the figure is similar to that of a typical superhetero 

receiver. Many communication-type receivers use some method to 
indicate the strength of received signals. This indicator is usually 
called an "S" meter and is calibrated in either ''S 11 units, decibels, or 
some other numerical scale^uriits. In the Nl DA trainer, the scale units 
range from 0 to, 10. The meter is used to indicate the relative strength of 
received signals, and is helpful for center-tuning the receiver to a* 
desired signal. You probably have seen a similar type of meter on a CB 
transceiver or hi-fi set. 

A functionsOf an "S* 1 meter in a transceiver is to indicate the 

a. voltage output from power supply 

b. relative strength of received signals 

c. current output from power supply 

• d. amount of transistor collector current 



p. relative strength of received signals" 
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i.et's look at the operation of an "S" neter in a circuit. Figure 25 
shows the components for the "S" meter circuit in the NIDA trainer IF 
amplifier stage. 



+Vcc 




OUTPUT 



Figure 25 



. if Amplifier stage with "s" meter 

In the fiyure, the meter circuit components are labelled Mi, CR1, C6, and ■ 
Kb. Fur the meter circuit to operate, a small part of the IF output signal 
is tapped off the 4I collector circuit. This IF signal is fed to the 
hdlf-wave rectifier CR1 which, in this case, eliminates the negative 
alternations of the cycle. The pulsating +DC across CR1 is applied to the 
.meter dropping resistor R6, and then is fed to the meter Ml. The meter 
pointer indicates the average DC level of voltage across CR1. Therefore, 
as the IF signal amplitude increases, Ml will show a greater defection, 
or movement, of the pointer across the-scale. 

ms the IF siyndl amplitude increases, the pointer on the "S" meter in 
Kiijure 24 will show : movement across the scale. 

a. yredter 

b. no 

c. lesser 
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greater ^7" 11,777m f 

7) Technicians often use the -V meter as a piece of built-in test-equip* 
ment (BITE) to aid in troubleshooting. 
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Figure 26 

BLOCK DIAGRAM OF SUPERHETERODYNE RECEIVER 

Using Figure 26, when a signal is tuned in, a meter deflection indicates 
that ell circuits prior to and includingUhe meter are functioning. Any 
receiver circuit problems are then located 1n stages following the meter. 
If no meter deflection occurs, receiver circuit problems are then located 
in circuits leading up to and Including the meter. This is true wherever 
an U S" meter might be located in a receiver. Therefore, an "S" meter is a 



definite aid in isolating a faulty receiver stage. 



An "S 1 * meter on a radio receiver shows no deflection as you tune across the 
dial. This indicates that the receiver has circuit problems in stages 
(bef ore/af ter ) the meter. 
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(28^ THIS IS 'A TEST FR£tfE, COMPLETE THE TEST QUESTIONS AUD THEM COMPARE 
YOUR ANSWER WITH* TH^CORRECT; ANSWER GIVEN AT THE TOP OF THE PAGE FOLLOWING 
THE QUESTION. 

USE THE BLOCK DIAGRAM BELOW OF A RADIO RFCLIl'ER TO ANSWER QUESTION' U 
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Figure 26 

1* Vou notice that the "S" meter on your radio receiver deflects as you 
tune across the receiving range. However, there is no audio output* Using 

* " * 

the block diagram you suspect a fault in either the or - * 

. r a; RF amplifier, mixer". ^ . m 

b* IF amplifier, oscillator ^ 
c* Audio amplifier, detector 
d. m'xer, oscillator 
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1. c. audio amplifier, detector 



IK YUUK ANSWER MTCHES THE CORRECT ANSWER YOU HAVE COMPLETEO LESSON 3, 
HUUUtE 31. CONGRATULATIONS! OTHERWISE GU BACK TO FRAME 25 ANO TAKE THE 
PROUtHhriLU SEQUENCE BEFORE TAKING TEST FRAME 28- AGAIN. 

mT THIS PUINT, YUU MAY TAKE THE ■ LESSUN PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO IHE'JOB PROGRAM. IF YOU INCORRECTLY 
MWbriLK .OWL Y A FEW 1 OF THE PROGRESS' CHECK. QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUOY THE PARTS OF THIS XESSON YUU ARE. HAVING DIFFICULTY -WITH. IF 
YOU FEEL THAT YUU HAVE FAILEO TO UNOERSTANO ALL, OR MOST, OF THE LESSON , 
SELtCT MNO USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUOIO/VISUAL MATERIAL'S 
(IF 'APPLICABLE) , OR CONSULTATION WITH TH£"LEARNING CENTER INSTRUCTOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PkUGRESS CHECKXORRECTLY. 
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NARRATIVE 
LESSON 3 

IF Amplifiers 

IJr amplifiers are commonly found in both receivers and transmitters* 
Most modern radio, television, and radar receivers are of the superhetero- 
dyne type which you have studied in Module 18> Basic Troubleshooting 
Techniques ^ and Module 19, Troubleshooting t he Amplifier stage in ja Radio 
Receiver * In this type of receiver, the incoming signal is mixed, or 
heterodyned ^ with a local oscillator to produce a continuous fixed 
frequency output called the Intermediate Frequency* or IF, IF amplifiers 
are used to provide the required signal gain and selectivity in the 
receiver 

An IF amplifier is basically a tuned* high gain* RF amplifier with 
transformer coupling* IF amplifiers are tuned to a fixed frequency. The 
input signal into the IF amplifier has been converted to a fixed frequency 
by earlier receiver circuits* Once the IF amplifier is tuned to a center 
frequency at or near this fixed input frequency, no more tuning is 
necessary, 

IF amplifier transformer coupling is important in determining amplifier 
oandwidth and seJectivity, The converted input signal into an IF amplifier,, 
contafhs all the information needed for good^^nal reproduction. 
Ideally* the IF amplifier will select and amplify with constant gain only 
the desired signal and completely reject all others_ falling outside the 
bandwidth limits. Therefore* the ideal If amplifier should have the 3 
rectangular frequency ^-esponse curve shown in Figure 1* 
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\ ^ » Figure 1 

1 IOEAL IF RESPONSE CURVE ' 

Note the straiyht sides which indicate ideal selectivity, and "the flat 
tJop which indicates constant amplification within the bandwidth.. 
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- An actual IF amplifier with tuned-primary transformer coupling has a 
frequency response curve which more closely resembles Figure 2. " 

' i 

7 



BANDWIDTH, 




Figure 2 

SINGLE TUNED TRANSFORMER COUPLING 



are ways to make the frequency response curve of an IF amplifier 
resemble the ideal curve and thus improve amplifier operation. For 
example, a tuned circuit may be added to the secondary of the transformer 
shown in Figure 2. Both primary' and secondary then can' be tuned to the 
same frequency, or synchronous tu ned* If the two tuned tanks are 
synchronous tuned to the IF centerTrequency,. the resulting frequency 
response curve is shown .in Figure 3. 
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Figure/3 

SYNCHRONOUS DOUBLE TUNED TRANSFORMER COUPLING 
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Synchronous tuning occurs when all tuned circuits in the signal path are 
tuned to the same frequency* In Figure 3, notice that synchronous tuning 
has causea the bandwidth to become narrower and selectivity to increase* 

As amplifier selectivity increases, bandwidth becomes narrower*. However, 
if the bandwidth becomes too narrow, part of some desired signals may not 
receive proper amplification* For example, a television or radar signal 
requires a relatively broad bandwidth to pass all the information contain- 
ed in the signal. One method to increase the bandwidth of an IF amplifier 
is to use stagger tuning * In stagger tuning, each tuned coupling circuit 
is tuned to a slightly different frequency* The resulting frequency 
response curve for an amplifier with three stagger-tuned circuits is > 
shown in Figure 4* 
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figure 4 
STAGGER TUNED RESPONSES CURVE 



In the figure, the curve has a fairly flat top indicating relatively 
constant gain within the bandwidth. "Also, the sides of the curve ara 
sloped. The curve in the figure resembles the ideal curve. You can see 
that adding and'tuning resonant coupling circuits affect amplifier 
bandwidth and selectivity. 
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Let's apply the methods of synchronous and stagger tuning to the operation 
of a typical common-emitter IF amplifier stage shown in Figure 5, 




Figure 5 

TYPICAL COMMON-EMITTER IF STAGE ; ^ 

This particular'Tlrfuit requires a bandwidth best provided' by the single- 
tuned tanks are shown. However, double-tuned coupling circuits are also 
common. Neutralization components are not Included in the figure. 
However, they often are added to amplifiers operating at high^intermediate 
frequencies. In 'the Figure* both CI and C2 can be synchronous tuned tct 1 
-provide a narrow bandwidth amplifier with good selectivity. If a , wider 
bandwidth amplifier is desired, CI and C2 can *be stagger tuned. Stagger; 
tuning tends to decrease the selectivity for the particular stage to ( 
which the method is applied. However, proper tuning in a string of IF 
amplifiers will produce just about any gain, bandwith* or selectivity 
required -in the receiver,- 

The common-emitter IF amplifier stage described above, and shown in 
Figure 5,- is very similar to the NIDA trainer IF amplifier stage you 
* wil 1 be studying. 
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Figure 6 shows the NIDA IF ampl if ier stage diagram. 



+Vcc 




NIDA IF AMPLIFIER 



One minor difference between the two IF amplifiers is that the cirouit in 
Figure 6 has tuned inductive coupling instead of tuned capacitive coupling. 
Another minor difference is that the Vcc source voltage in Figured is 
applied tcrthe emitter rather than to the collector of Ql, These differ- 
ences change neither the circuit operation nor the component functions. 

The input signal is applied to, single^tuned transformer Tl which couples 
the signal into the base-emitter circuit of Ql, The tap on Tl 
provides an impedance match" with the collector circuit tn the previous 
stage. This type of transformer is often enclosed in an aluminum shield 
to prevent unwanted coupling to nearby wires and transformers. Inductive 
tuning is done by a tuning slug, Tl has a step-down secondary to provide 
a low: impedance match to the Ql base cirQuit, Rl and ,R2 provide forward 
bias to Ql fdr Class A operation (about ,6 V), Decoupling capacitor C5 
ensures all signal vqltage i& developed across the secondary of Tl, 



In the collector circuit of Ql, T2,is a single-tuned transformer. The 

output tank .{T2 primary-C2) fs the main load for Ql, The tank is tuned - 

to the operating center frequency of this IF amplifier whtch is 10,7 KHz, 

R4 and C4 are decoupling components which act to ensure that all signal 

voltage is developed across the tank, and does not enter the power 

Source, R5 is the main reason why additional neutralization is not ^ 

required in this circuit, R5 reduces the tendency for the collector-base 

junction of Ql to become ^forward biased on strong signals and cause 

oscillation, * 
• * * 
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IF amplifiers are usually connected together in series,* or cascaded, to 
perform their function in a receiver Or transmitter. As^ the number of 
cascaded amplifiers increases, the main gain may become "very high. An 
v amplifier stage can become overdriv en when the normal operating input 
signal voltage level is exceeded enough to cause clipping, or distortion, 
of the output signal: Therefore, spme type. of gain control is needed to 
avoid overdriving an IF amplifier. 

An example of a high gain IF ampli/ifcr is shown in Figure 7. 
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Figure 7 
• HISH GAIN IF AMPLIFIERS 



Each amplifier in the figure has a 20 dB gain. The total gain of the 
three stages is the £um of the individual dB gains, or 60 dB* You can 
use the familiar dB chart and graph, shown in Figure 8, t6 find the 
voltage ratio conversion for a 60 dB gain. 
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Figure 8 
dB CHART/GRAPH 



Fronf the chart, 60 d£ converts to a voltage ratio of 1000. Therefore, the 
total output signal from the cascaded amplifiers is 1000 times greater than 
the initial input signal. If the normal input signal is 1 mV,' the total 
output signal is IV- Now if a relatively high initial input signal of IV 
were applied, you might expect a 1000 V total output signal. However, the 
design capabilities of the. circuit and power supply would be exceeded. 
Severe signal clipping, or distortion* would occur as the cascaded amplifiers 
become overdriven. Some type of gain control is needed; ■ % 

Amplifier gain is related to the transistor's static operating level. The 
static operating level is the amount of DC current needed by the transistor 
in prderto function as an amplifier. The amount of forward bias on the < 
transistor's base-emitter junction (Vg^) affects the static operating level, 
and therefore, affects transistor gain. The transistor produces a reasonably 
constant gain within a certain range of bias levels. This range is. called, 
the'linear operating region for the transistor. When the forward bias is 
significantly above or below the linear region; the transistor is operating 
in what are called the non-linear operating regions. In these regions, 
the transistor produces lower gain, and possible disortion. Small signal 
levels tend to minimize the distortion produced in these non-linear operating 
regions. - 
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The relationship between bias, conduction, and gain are found in the 
transistor characteristic curve in Figure 9. 
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Figure 9 
TRANSISTOR CHARACTERISTIC CURVE 



The curve is used to determine the amount of transistor output, or gain, 
related to bias and conduction levels for a given input signal. In the 
figure, a transistor biased at any point within the linear -operating 
tsgion ,"N" produces npfcimup gain. __A transistor biased at ^ny points 
within the nonlinear operating regions U R" and "F" produces less gain. 
The heights of the dashed lines represent "the static operating levels for 
.a transistor at specific points within the* operating regions. 
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Figure 10 shows examples of three identical input signals applied to a 
transistor at bias levels within each of the three regions. 



In the figure, the amplitudes of the input signals are shown above the 
region labels, (Note the low amplitude signals). The vertical lines 
extend from the input signaV amplitude limits to the points where they 
meet the characteristic curv% The horizontal lines represent the upper 
and lower amplitude limits of the transistor output signals* Notice the 
difference in the output amplitudes between the three regions^ It is now 
'obvious that the gains related to bias levels within the non-linear' 
operating regions are smaller than gains within the linear operating 
region. Therefore, amplifier gainscan be reduced by applying forward 
bias at levels within either the "R" or"F" regions* Application of 
forward bias in the "R M region is called reversed bia s ga~* control , and ■ 
in the "F" region is cal led for ward bias gain control . 
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Figure 10 



TRANSISTOR CHARACTERISTIC CURVE 
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L*t's apply amanual method of controlling transistor gain in an IF 
amplifier. Figure 11 shows the NIDA trainer IF amplifier stage with the 
addition of potentiometer R6~. * 



+Vcc 




Figure 11 
MANUAL IF GAIN CONTROL 

Forward bias is provided by components Rl* R2* and R6. When the arm of 
R6 is in the bottom position* the forward bias is in the normal linear 
operating region. Transistor gain is at a maximum. However* as the arm 
of K6 is moved upward* a more positive voltage is placed on the bbse of 
Ql wnich reduces the forward bias on Ql. If the arm of R6 is moved* 
upward high enough* the forward bias-would be reduced to a non-linear 
operating region causing less transistor gain. This manual procedure is 
an example of reverse bias gain control. 

Now let's apply an automatic method of controlling transistor gain 
in an IF amplifier. The au tomatic pain control (AGC) circuit provides a 
more constant output fronTthe audio or video equipment in which AGC is 
used. Figure 12 shows the addition of an AGC circuit to the IF amplifier 
stage in Figure 11. 
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Figure 12 
AUTOMATIC GAIN CONTROL (AGC) 



In the figure/ the AGC components are located within "the ovaK and are 
labeled CRl * C6 ^ C7, R6, R7, and R8, The AGC components provide an 
automatic reverse bias gain control over RF and IF amplifier stages which 
are, previou s to this stage. As the signal level within the stage start? 
to overdrive the amplifier, a reduced positive AGC voltage is fed back to 
limit the gain of previous stages. This causes a reduced signal level 
iftput to this stage, and prevents overdriving* The AGC voltage in" a 
receiver is usually tied to a common interconnecting Ifne called an AGC 
"bus". The AGC bus provides feedback from the AGC circuit. to previous RF 
or IF stages on the same bus* 

The function of the AGC components in the IF amplifier fw^ will be explained* 
In Figure 12, the IF output signal from Ql is felt across the output 
coupling tank (C2-T2 primary)* C7 couples a part of the IF output signal 
to the AGC diode CRl* CR1 rectifies this signal and leaves a small 
positive average DC voltage level at the junction of CRl, C7, and R7, . 
This positive voltage level decreases toward zero as the amplitude of the 
IF signal increases enough in strength. Now R7 and R8 form a voltage 
divider ^between + Vqq and the AGC output voltage* Therefore, the AGC 
output is a small positive DC voltage. As the positive voltage at the 
junction of CR1,,C7, and R7 decreases (but never becomes negative) , the 
'AGC output voltage becomes less positive. This lowers the AGC bias 
voltage on the bus and reduces the gain of previous stages connected to 
the bus* R8 and C6 filter the AGC voltage to produce a smooth DC level* 

209 

216 



Narrative 



Thirty One- 3 



You will be using a built-in m S m meter in the N IDA trainer as part of the 
Job Program for this lesson* Many superheterodyne communication-type 
receivers, such as the NIDA 'trainer* use an "S" meter to indicate the * - 
strength of received signals. The "S" meter also is helpful for center* 
tuning the receiver to desired signals, CB transceivers and hi-fi sets 
often use "S" meters. Calibration for the "S" meter is in either "S" 
units* decibels* or some other numerical scale units. In the NIDA trainer* 
the "S" meter calibration is on a scale from 0 to 10, The "S" meter circuit 
in the NIDA trainer is found in the second IF amplifier stage. Figure 13 t 
shows the b'.ock diagram of the NIDA trainer which represents a typical 
superheterodyne receiver. 
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Figure 13 

BLOCK DIAGRAM OF NIDA TRANSCEIVER TRAINER 
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Figure 14 



IF AMPLIFIER STAGE WITH "S" METER 

* 

in the figure, the meter circuit components are labeled MI, CRI, C6 and 
K6, For the meter circuit to operate, part* of the IF output signal is 
tapped off the (Jl collector circuit. The half-wave rectifier CRI elimates 
the neyative alternations of the IF signal. The pulsating +0C across CRI 
is applied to the dropping resistor R6 and the meter,Ml, 

The meter pointer indicates tne average voltage OC level across CRI, As 
the IF signal ainpl ltude increases; the meter pointer will have a^srGater 
deflection across the scalfe, 7^* 

* * * 

Technicians often use the "S" meter as a piece of built-in test equipment 
(BITE) to aid in troubleshooting.- .When a signal is tuned in, a deflection 
on the "S" meter usually indicates that receiver circuit problems are 
located in stages following the meter. If no deflection occurs, there 
are receiver circuit problems somewhere in stages leading up to and 
including the meter. The "S" meter is a definite aid in isolating a. 
faulty receiver stage. * 

AT f THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER, ALL . 
SELF-TEST ITEMS CORRECTLY, PR'OCEEO TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL, REFER tOU TO THE -APPROPRIATE PAGES,- PARAGRAPHS, OR FRAMES SQ THAT YOB 
QANJtESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING OIFFICULTY WITH. IF 
YOU FEEL THAT. YOU HAVE FAILED TO UNOERSTANO ALL, 1 OR MOST, OF THE LESSON, 
SELECT ANO USE ANOTHER WRITTEN MEOIUM OF INSTRUCTION, AUOIO/VISUAL, MATERIALS 
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU 
CAfT ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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£ OVERVIEW 
T LESSON 4 

Video Amplifiers 



In this lesson you will learn some .important operating characteristics of 
videp amplifiers. You will be aftle to identify the reasons why basic RC 
coupled amplifiers have losses in gain at low and high frequencies. You 
will find out what components are added to RC coupled, amplifiers to improve 
their frequency response, and allow them to operate as video amplifiers^ 
You will De able to identify the function of components in video amplifier 
circuits using schematic diagrams. You will determine video amplifier fre- 
quency response curve characteristics, and trotibleshoot a video amplifief* 
using test equipment. * 

The learning objectives of this lesson 'are as follows: 
TERMINAL OBJECTIVE (5) : 

31.4.55 When the student complete this lesson (s)he will be able to 
TROUBLE SHOOT and IDENTIFY faulty components and/or circuit 
malfunctions in solid state video amplifiers when given a 
training device, prefaulted circuit board, necessary test 
equipment, schematic diagram and instructions. *10Q* accuracy is 
required. 

ENABLING OBJECTIVE (S) : 

When the student complete this lesson (s)he will be able to: 

IDENTIFY the causes of low frequency response losses in a basic 
RF coupled amplifier circuit by selecting the correct statement 
from a choice of four, 100% accuracy is required. 

IDENTIFY the components which accomplish low frequency compensati 
in an AC equivalent video amplifier circuit, given a schematic 
diagram, by selecting the correct list, of components from a 
choice of four. 100% accuracy is required. 

IDENTIFY the causes of high frequency response losses in a basic 
RC coupled amplifier circuit by selecting the correct statement 
from a choice of four. 100% accuracy is required. 

IDENTIFY the components which accomplish high frequency compensa- 
tion in an AC equivalent video amplifier circuit, given a 
schematic diagram, by selecting the correct list of components 
froni a choice of four. 100% accuracy is required. 



31.4.55.1 
31.4.55.2 

31.4.55.3 
31.4.55.4 



213 

220 



Overviei Thirty One-4 

31,4,55,5 IDENTIFY the function of components that improve frequency 

response in a video amplifier circuit, given a schematic diagram, 
by selecting the correct statement from a choice of four, 100% 
accuracy is required, 

31,4, U5.6 " IDENTIFY the frequency response deficiency {high or low) indicated 
by output waveforms from a video amplifier, given illustration 
of output waveforms, by selecting the correct indication from a 
choice of four, 100% accuracy is required, 

^31,4,55.7 MEASURE AND COMPARE frequency response and gain .characteristics 
of video amplifier circuits given a training device, circuit 
boards* test equipment and proper tools, schematic diagrams, and 
a job program containing references for comparison* Recorded 
data must be within limits stated in the job program, 

31,4,55,8 IDENTIFY the faulty cotnponEnt or circuit malfunction in a given 
video amplifier circuit, given a, schematic diagram and failure 
symptoms, by selecting the correct fault from a choice of four, 
1UU% accuracy is required** 



Footnote *This objective is considered met upon. successful completion 
of the terminal objective. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW- 
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON 4 

Video Amplifiers 

To leam-the materials in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources. •> 1 

Written Lesson . presentation , 
Module Uooklet: , 
Summary 

Programmed Instruction 
Narrative 

Student's Guide: 

Suiraary - 
Progress Check 

Job Program Thirty-4 "Video Amplifiers*' 
- Fault Analysis (Paper Troubleshooting) I,S, 
PerffflTHSnce Test I.S. , _ 

Additional Materlal(s): 



Enrichment iiaterialU): 

NAVSHIP U<J67-UUU-O120 "Electronic Circuits 1 ' Electronics Installation and 
maintenance Book (£IHB) Naval Ship Engineering Center, Washington* O.C.. 
U.S. Government Priritrtmr Office, 1965. 




YOU HAY USE ANY, UK ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
CENTER INSTRUCTOR; -HUWEVEK, ALL MATERIALS LISTED ARE NDT NECESSARILY 
KE4UIKEU TO ACHIEVE LESSUH OBJECTIVES.' THE PROGRESS CHECK MAY BE TAKEN AT 
ANY Tint. 
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SUMMARY 
Lesson 4 

Video Amplifiers 



Any electronic equipment producing a visual display on a CRT requires the use 
of video amplifiers. The ideal video amplifier should have a frequency 
response curve resembling Figure 1. 
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FIGURE 1 

IDEAL VIDEO AMPLIFIER RESPONSE CURVE 



Figure 2 shows the typical response curves for actual transformer-coupled and 
resistance-capacitive (RCJ coupled amplifiers. . 
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AMPLIFIER RESPOMSE CURVES 



Although RC coupled amplifiers provide the wider bandwidth., -they fall short of 
the wide bandwidth requirements of v.ideo amplifiers. 
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Figure 3 can be referenced to show what limits RC amplifier low frequency 
response. 




FIGURE 3 

AC EQUIVALENI-RC COUPLED AMPLIFIER 

At low frequencies, the capadtive reactance (Xc) of Cc is relatively high 
causing some signal voltage to drop across Cc instead of across RL. Thus, 
less voltage is felt across Rl which reduces overall amplifier gain at low 
frequencies. 

One method to partially compensate for low frequency response loss is to. use a 
larger value coupling capacitor. A more effective method is to add the RC 
network shown in Figure 4. 




FIGURE 4 

AC EQUIVALENT - LOW FREQUENCY COMPENSATKW'ciRCUlT 
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At low frequencies* the Xc of CI is large enough so that CI acts as an open. 
Therefore* the RC network has an impedance equal to Rl. This makes the total 
load impedance for IJ1 equal to RL + Rl* which increases amplifier gain by 
compensating for the Cc voltage drop. At high frequencies* CI acts to short 
the KC network* which returns the gain from qi to that produced by RL alone. 
Another method for amplifying low frequencies uses DC coupling (direct 
"coupling) between stages. This method will be discussed in Module 34. 

Figure Ji shows what limits video amplifier high frequency response. 




FIGURE 5 

AC EQUIVALENT - STRAY CAPACITANCE 



The input and output stray capacitances Co and £i have low reactances at high 
frequencies* and shunt the signal to ground. These stray capacitances result 
from the close rpacing between wires* foils* components* and the input/output 
capacity of active devices. ? • 
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One method to compensate for high frequency signal loss is to place an inductor 
in parallel with Co and Ci as shown in Figure 6, 




FIGURE 6 

"SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT} 



At high frequencies, Co* Ci and LI form a parallel resonant circuit which, at 
resonance* develops an increased output impedance from Ql„ This type of high 
frequency compensation is called shunt compensation* or shunt peaking. The 
shunt compensation circuit has a wide bandwidth?* and an Fo above the frequency 
response of the uncompensated amplifier circuit. 
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Shunt type compensation may not improve the high frequency response of video 
amplifiers enough for some applications. The circuit can be further improved 
by ciddiny an inductor in series with the signal path and Ci as shown in Figure 
7. 




FIGURE 7 

"SERIES" HIGH fREQUENCY COMPENSATION (AC EQUIVALENT) 



hz high frequencies, the combination L2 - Ci forms a series resonant circuit 
to the signal path. At resonance, the impedance in this LC circuit is at a 
uriniinUfii and the voltaye across the reactive components are at a maximum, 
Tnerefore, the voltage developed by Ci is maximum at Fo and will be felt 
across Kl and fed, to the base of Q2, This method of increasing amplifier gain 
U called series compensation, or series peaking. If the value of L2 is 
fcnosen properly, the Fo of the series compensation circuit will occur above 
the frequency response of the shunt compensation circuit. This will further 
increase the amplifier's frequency response. 
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Figure 8 shows the frequency responses curve for a video amplifier with combined 
lort and high frequency compensation added. 



fo SHUNT fo SERIES 




FIGURE 8 

. COMPENSATED VIDEO AMPLIFIER' RESPONSE 

This fu-lly compensated RC cnupled video amplifier has a frequency response 
from about 30 H* to 6 MHz. * 

Figure 9 shows the schematic.diagram of a two-stage video amplifier as found 
^in the NIDA trainer. A description of component functions now follows. 




FIGURE 9 

2-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT 
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* + ' 
f + ■ * 

Class A forward bias is provided for QI by Rband R2, and -for Q2 by R8 and R9. 
R7 completes the voltage divider from Vcc with these networks. Emitter* 
stabilization is provided by R6 and RI3. RI3. is bypassed by C3 to prevent 
degeneration and loss of gain. R6 is not bypassed to improve low and high 
frequency response at the cost of some gain. 

The interstate video signal coupling CI, C2, and C4 have large values to 
improve low frequency response. The R4-C5 and RII-CG^decqupling components 
separate the signal path frouLthe DC power supply, and prevent the amplifier 
from becoming an oscillator. The shunt high -frequency peaking coils LI and L3 
'are connected to the normal collector load resistors R5 and :RI2, The series 
high frequency peaking coils are L2 and L4. t 

RIU acts to reduce the Q, and broaden the bandwidth, of, the L2-C2 series 
compensation network. R3 acts to perform a similar furtction in a previous 
atfipl ifier stage. 

The frequency response for a video amplifier can be measured using a sweep 
frequency generator as shown in the test set-up in Figure 10. 




FIGURE 10 * 
* VIOEO AMPLIFIER FREQUENCY RESPONSE TEST 

If thV generator is set to sweep from 0 Hz to 10 MHz* the output signal from 
test amplifier would resemble the display on the oscilloscope shown in the 
figure. A technician can troubleshoot the, video, amplifier by comparing the 
actual frequency response curve with the expected normal frequency response 
curve. Deficiencies in either high or low frequency responses indicate which 
components may be faulty. ■ J _ . 



229 



222 



Summary 



Thirty One-4 



The frequency response for a video amplifier also can be measured hsing a 
square wave generator as shown in the test set-up in Figure 11, 




SQUARE WAVE GENERATOR 



O'SCOPE 



FIGURE 11 
SQUARE WAVE-AMPLIFI£K TEST 



Accurate reproduction of the square wave indicates good frequency response in 
a video amplifier* Any distortion of the square wave indicates a problem in 
frequency response* , _ 

In Jtheory, a square wave is the result of combining a fundamental sine wave 
frequency with an infinite number of odd-numbered harmonic frequencies. In 
practice, a video amplifier which accurately reproduces a square wave 1s 
capable of amplifying a fundamental frequency and at least, the first 10 
odd-nuubergdjiarmonics* The display produced by a video amplifier with good 
add poor^frequency responses are shown in Figure 12* - 
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FIGURE 12 
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SQUARE WAVE DISPLAYS AND FREQUENCY RESPONSE 



223 



23Q 



Summary 



Thirty One-4 



You will have the opportunity to operate and troubleshoot a video amplifier in 
the Job Program for this lesson* 

AT THIS PUINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWtR ONLY A FEW. OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIAT£ PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF 
YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, 
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL. YOU 

CAN answer all self-test items on the progress check correctly.- 
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PROGRAMMED INSTRUCTION 
LESSON 4 * 

Video Ampl if iers 

TEST FRAMES ARE 8, 16, 21, and 28. PROCEED TO TEST FRAME 8 AND SEE IJv 
YOU CAN ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST 
■ FRAME. • 

Most electronic equipment that has a cathode-ray tu'^e (CRT) display*' 
requires video amplifiers. The picture tube in a television set and 
the screen on jan oscilloscope are two good examples of CRTs. Both 
of these electronic equipments also utilize video ampl if iers* * * 

Video amplifiers, like any other amplifier? must he able to amplify 
all the information contained in the input signal* The frequency 
ranye of video information signals is 0; or a few Hertz, to about 6 
MHz* As yoy car* see, video ampl if iers are required to Amplify a wide 
ranye of frequencies* Now the ideal video amplifier should be able 
to amplify with constant ga*n aTl signals within the video frequency 
ran§fe* Therefore, the' bandwidth of a video ampl ifler.must be as wide 
as the frequency range* The bandwidth and response curve for the ideal 
video amplifier are shown in Figure 1* 
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Figure 1 

IDEAL VIDEO AMPLIFIER RESPONSE CURVE 
In the figure you can see the same rectangular shaped frequency response 
curve used in the previous lesson to show the ideal frequency response 
for an IF amplifier. The difference between the amplifiers is that in 
the case of a video amplifier, raw information in the frequency range 
between 0 and 6 MHZ* is being amplified, while in the case of IF and RF 
amplifiers., a radio frequency carrier signal containing the video informa- 
tion is being amplified. For example, an RF amplifier for a channel 2 
television signal would have a frequency response of 56 to 62 MHz and a 
bandwidth of 6 MHz. 

A video amplifier has ; a ( wide/narrow ) frequency response from about 0 Hz 



to about* 



wide, 6 MHz 
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You might wonder whether the audio amplifiers you have studied can be 
modified to produce the wide bandwidth required of video amplifiers. As 
you know, bandwidth is related to the types of coupling used in ampli- 
fiers. Two types of coupling you have studied are transformer coupling 
and resistive capacitive (RC) coupling. The frequency response of a 
typical transformer coupled amplifier is similar to Figure 2a, and the 
frequency response for a typical RC coupled amplifier is similar to 
Figure 2b. 
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RC COUPLING 
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Figure 2 

A AMPLIFIER RESPONSE CURVES 

It is obvious that neither type of coupling meets the, frequency response 
requirements of video amplifiers. However,, the frequency response of RC 
coupled amplifiers come closer to what is required than do the frequency 
response of transformer coupled amplifiers. 

In Figure Z> the typical HC coupled amplifier has a ( narrower/wider ) 
bandwidth than does the typical transformer coupled amplifier* 



wider 
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(3?) How can the bandwidth of RC coupled amplifiers be made wide enough to 
cover the low and high frequencies needed in video amplifiers? To answer 
this question, you must learn what limits the frequency response of RC 
coupling. First, let's discuss\/hat limits amplification at low frequen- 
cies. Look at Figure 3 which shows a simplified diagram of an RC coup- 
led, two stage amplifier. The bias voltages and some components are 
omitted for clarity. 




OUTPUT 



Figure 3 

AC EQUIVALENT-RC COUPLED AMPLIFIER 
In the figure : the output of Ql is developed by. RL, and then coupled 
through Cc to be developed across Rl. Since Rl and Cc are in parallel 
with RL, any voltagfe developed by RL will be divided between Rl and Cc* 
The voltage dropped across Rl &nd Cc is related to the resistance and 
reactancej respectively , of these two components. You know that the 
resistance of Rl 1s constant. However the reactance of Cc changes with 
the applied frequency. As frequency decreases, the capacitive reactance 
(Xc) increases. As the reactance of* Cc increases at low frequencies, the 
signal voltage divider, Cc and HI . has more voltage dropped across Cc and 
less across Rl. Now the voltage dropped across Rl it the voltage fed to 
the base of Q2. Therefore, at low frequencies, less voltage is fed tc Q2 
than at higher frequencies and the overall low frequency response of the 



amplifier decreases, 
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In Figure 3, when the input signal frequency is low, the reactance of 
c is t low/high ) and the voltage fed to the base of Q2 is f low/high ). 



high, low 



(T^ Now that you know why the RC coupled amplifier doesn't amplify low 
frequency signals, what can'be done abo^ut it? Refer to Figure 4 which is 
the same as Figure 3* 




OUTPUT 



Figure 4 

AC EQUIVALENT-KC COUPLED AMPLIFIER 

If Cc has a large capacitance, its reactance (Xc) at low frlquendes 
will decrease* The decreased low frequency reactanc^ will cause Cc 
to drop less slynal voltage* Therefore, more signal voltage will be 
developed across RI and be fed into the base of Q2, increasing the low 
frequency gain* However, the circuit will become unstable if tne value of 
Cc 1s Increased beyond a certain point. This limits the value of Cc, and 
thus RC coupled amplifiers cannot amplify very low frequencies^ e*g. (h 



Hz. 
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To partially compensate for poor low frequency response in Figure 4 S a 
( IdHjer/smaller ) value coupling capacitor can be used* 

laryer • : ■ 

b?^ Since the coupling capacitor's increased capacitance only partially 
makes up for low frequency losses* more compensation is needed* Figure 5 
shows ihe same diagram as in Figure 4 with the addition of low frequency 
compensation components* 




Figure 5 

AC EQUIVALENT - LOW FREQUENCY COMPENSATION CIRCUIT 

As you know* the gain of a transistor amplifier is directly related 
to the value of the collector load resistance* If a means could be 
devised ^to Increase the size of the load resistance*at the low frequencies 
only* then the loss of'Sgain due to the coupling capacitor cpu.d be, 
compensated for* 
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In Figure 6* the collector load for Ql at low frequencies equals the 
resistance of plus the resistance of . . 

Rl, RL 

V 

The effect of low frequency compensation on the overall circuit 
frequency response is shown in Figure 7* 




LOW FREQUENCY 
COMPENSATION 




ORIGINAL 



- Figure 7 
LOW FREQUENCY COMPENSATION RESPONSE 

Notice that the low frequency end of the curve has been extended beyond 
the original uncompensated, curvp. You can see that adding parallel RC 
components in the collector circuit and making Cc "as large as possible 
improves the response at the low end* but not at the high end. However, 
the improved response still is not taken down to the zero frequency 
point. 
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A type of amplifier circuit using direct coupling (DC) between stages may 
be used to improve the frequency response down to 0 Hz. In fact, this 
type of coupling is becoming very common with the latest state-of-the-art 
devices such as integrated bircuits. ^Direct coupled amplifier stages 
were used in Module 30 power supply circuits and will be found again in 
Module 34, Integrated Circuits. 

The addition of a. parallel RC circuit in the collector circuit of an RC 
coupled amplifier improves f high/low ). frequency response. 

_ ; : l„ 



low 
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(j) this is a test frame. complete the test questions and then compare 
vour Answers with the correct answers given at the top of the page 
following the questions. 

1. The frequency response and bandwidth of the ideal video amplifier 
most closely approximates and . 

a. 0-20 kHz, 20 kHz 

b. 0 - 600 kHz, 500 kHz 

c. 0 - 2 MHz, 2 MHz 



USE THE DIAGRAM BELOW OF AN AC EQUIVALENT, TWO-STAGE AMPLIFIER CIRCUIT TO 
ANSWER QUESTIONS 2 AND 3. 




output 



Figure 8 

2* At low input frequencies, the reactance of Cc (decreases/increases), 

causing a ( larger/smaller ) voltage drop across Cc* 
3* The amplifier's frequency response may be improved somewhat at 

frequencies' by # the capacitance of Cc* 

a* low, decreasing 

b* high, decreasing ^ 
c* low, increasing 
d* high, iricreasina 
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USE THE DIAGRAM BELOW OF AN AC .EQUIVALENT, TWO-STAGE AMPLIFIER CIRCUIT TO 
ANSWER QUESTIONS 4 AND 5. 

\ 




Figure 9 

.4,- At high input frequencies tte Rl-Cl parallel circuit can be consid- 
ered to be U short/an ope n)* 

5^ The Rl-Cl parallel circuit has the effect of increasing the gain of 
Ql at , frequencies* 

a. all 

b. low - 

c. high 

1 * 
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I. d. 0-i> MHz, 6 MHz 

Z. increases, laryer 

3. c. low, increasing 

4. a short 
b. b. low 



IF YOUK ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 16. 
OTHEKWISt, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 

Taking TtsT pame 8 again. 

You know now to improve gain at low frequencies in video amplifiers. 
Now you will find out what limits gain at high frequencies, and what 

can be done about it. \ 

\ 

Any transistor circuit at} hiyh frequencies will have a definite amount of 
stray capacitance in both the input and output. These stray capacitances 
can be caused by any number of things. One major cause is the wiring of 
ifte circuit- M wire or printed circuit foil can act as one plate of a 
capacitor when close to another wire or foil which can act as the other 
plate. Another reason for the capacitance is the transistor itself, 
since each junction has capacity associated with it. These stray capaci- 
tances are not components, as such- However, they affect the circuit as 
if they were actual components. Therefore, they can be drawn into the j 
simplified AC equivalent amp ■ if ier , circuit as shown in Figure 10, 
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Figure 10 

I AC EQUIVALENT - STRAY CAPACITANCE 

In^he figure Co represents stray output capacitance and Ci represents 
stray input capacitance* The value of these equivalent capacitors is 
very small (that 1s, in the picofarad range)* 

In Figure 10, Co and Ci represent at the input and output 

of amplifiers* 

j 

equival ent capacitan ces or words J.p th at effects L 



• 2,43 
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(lO^ How do stray capacitors limit gain at high frequencies? Refer to the 
amplifier circuit shown in Figure 11. 




Figure 11 

/ AC EQUIVALENT - STRAY CAPACITANCE 

In the figure, Co is in parallel with the output of Ql, and CI 1s in 
parallel with the input to Q2. You know that the reactances of Co 
and Ci are low at high frequencies* Therefore, at high frequencies* 
Co and Ci act as signal shorts to ground* Thfs causes the outfjjjjt 
signal from Ql and the Input signal to Q2 to be shunted to ground* 
When this occurs, the high frequency signals a^e effectively shorted 
out and lost. 

In Figure 11, the (hig h/low ) reactances of Co and Ci shunt the high 
signal frequencies to ground. 



low 
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(ll^) Now that you know why a standard audio amplifier has poor high ^ 
frequency response, what can be done to improve it? Since it is not 
possible to remove Co and Ci, they must be compensated for in some 
tfay. An inductor can- be added in parallel with Co and Ci to improve 
high frequency gain of the amplifier. Such a set-up is shown in Figure 12, 




figure 12 

"SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT) 



How does the added inductor LI improve high frequency gain? Well, if 
LI >s the proper value* Co, Ci> and LI will form a parallel resonant 
circuit at the high frequencies where the frequency response would 



normal 1^ drop. Cc will not affect the operation of this parallel resonant 
circuit because Cc has a very large capacitance^ and appears as a short, at 
high frequencies. 

Now as the frequercy applied to the circuit containing LI increases;- . 
the impedance represented by the inductor-resistor combination (Ll-RL) 
increases also. This increased collector load impedance causes the gain of 
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tne transistor amplifier to. increase* With careful selection of LI,, the 

rise in gain can be made tu compensate for the roll-off in gain that 

would have occurred without LI* Now as the frequency applied to the ' 

* 

amplifier increases further, the parallel resonance frequency for 
Ll-Co/Ci will be reached* The yain of this parallel resonant rircuit is 
maximum and further increases amplifier gain. At frequencies above the 
resonant point, amplifier yain will decrease rapidly* Since LI is in 
parallel with Co and Ci (that is "shunts 0 ]the input and output equivalent 
capacitors), this type of compensation is called shunt compensation , or 
siiimt peaking . 

In Figure 12, Ll ( i ncreases/decreases ) the gain and*output of Ql at , 
Qnyh/luw ) frequencies. 

( 

increases, high 
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Figure 13 shows how shunt compensation improves video amplifier 
frequency , response. 



ORIGINAL 
V 




0 FREQUENCY 
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0 FREQUENCY 



SHUNT 

COMPENSATED 

(b) 




Figure 13 — . 
SHUNT HIGH FREQUENCY RESPONSE CURVES 
In Figure 13a, the dashed lines show the frequency response curve for 
the tun^d shunt compensation circuit. Notice that the center frequen^ 
cy (FoJ i is at a point higher than the frequency response of the original 
video amplifier. Also notice that the shunt compensation resonance curve 
h$s a wide bandwidth. The wide bandwidth occurs because the circuit 
resistance lowers the circuit Q, which increases the bandwidth (using the 
formula BW=Fo/Q), In Figure 13b, the overall frequency response curve 
for the $ideo amplifier is shown. This curve is tft* result of combining 
the oriyinal video amplifier curve and the $Wt compensation, or shunt 
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Th? shunt compensation resonant circuit has a relatively ( high/low ) 
Fo, and a f narrow/wi de ) bandwidth* 



hi tjh , wide 
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Shunt type compensation has improved, the high frequency response of 
the basic video amplifier* However, the improved frequency response 
still may not be high enough for some applications* Fortunately, 
there is another way to improve the high frequency response of a video 
amplifier* This is done by adding an inductor in series with the signal 
path and Ci as shown in Figure 14. 




Figure 14 

'SERIES" HIGH FREQUENCY COMPENSATED (AC EQUIVALENT) 



How does the added inductor L2 improve high frequency gain? Well, L2 
is- in series with both Cc and the small equivalent capacitor Ci* As' 
you know, Cc appears as a short at high frequencies'* Now if LI is 
the proper value, the combination L2 and Ci form a series resonant 
circuit to the signal path at high frequencies . You recall that impedanc 
in a series resonant circit decreases to a mini mum at resonance . There- 
fore, the series resonant circuit composed of L2 and Ci provides a low 
impedance path to the signal path from Ql to Q2. 
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In additioa, a fundamental property of series resonant circuits Ms- 
the increase in voltage across the reactive components. In this case, 
the reactive components are VI and Ci. This allows the voltage across 
12 and Ci to be a maximum at -the resonant frequency. Since Ci is in 
parallel with Rl , any voltage developed by Ci will be felt across Rl and 
fed to the Dase of tJ2. This method increases amplifier gain, at the 
previous roll-off point and is called series compensation , or series 
peaking . 

In ffgure 14, the , .2-Ci circuit at resonance ( maximizes/minimizes ) 
tne impedance between Ql and Q2 and ( increases/decreases ) the voltage . 
applied to q2. 



V 
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^14^ Figure 15 shows how series compensation further improves the video 
^amplifier's frequency response. 



/ 

ORIGINAL +HF SHUNT 



SERIES 
/tV COMPENSATION 




Figure 15 

. SERIES HIGH FREQUENCY COMPENSATION RESPONSE 

In the figure, the das,hed lines show the frequency response curve for the 
tuned series.compensation circuit. Pr&per design of this circuit wilT 
make the series peaking center frequency occur above the frequency 
response of the combined origins! video amplifier and shunt compensator 
circuits. The input voltage to the second amplifier stage will increase 

within the bandwidth of the scries compensation circuit and cause a 

I - 

"ooost" in the high frequency response. 

A series compensation circuit extends an amplifier's response at ( low/high ) 
frequencies, * 



high 
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f r iyure 16 shows the result of combining RC low, r frequency compensation 
arid both shunt. and series hiyh frequency compensation, to the original 
video amplifier. 



fo SHUNT 
I 



fo SERIES 




Figure 16 

COMPENSATED VIOEO AMPLIFIER RESPONSE 



as you study Figure 16, -you can see the total effect of frequency compen- 
sation-(low and high) by the solid line frequency response curve. The 
dotted lines indicate the original response curve before compensation is 
applied. The dashed Vines indicate the individual resonance curves for 
shunt and series high frequency compensations The overall improvement is 
significant; and extends the frequency response of the video amplifier 
froi.i aoout 3U Hz to 6 MHz, 



r 



* ,9 

A ydeo amplifier's high frequency response is improved by adding both 
and compensation circuits. 



shunt, series 
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this is a test frame, complete the test quesjions ano then compare 
your answers with the, correct answers given at the top of the page 
following the questions. 

1. The frequency response of a video amplifier is limited at high 
frequencies by the 

a. value of the coupling capacitor 
' b. stray capacitance 

USE THE OIAGRAM BELOW OF AN AC EQUIVALENT, TWO-STAGE VIDEO AMPLIFIER TO 
ANSWER QUESTION 2. 




Figure 17 

U. At high frequencies * the reactances of Co and Ci are ( low/high ) 
causing them to act as ^ shorts/open's ] to ground. 
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USE THE DIAGRAM BELOW OF AN AC EQUIVALENT, TWO STAGE VIDEO AMPLIFIER TO 
ANSWER QUESTIONS 3 AND- 4. 




Figure 18 

3- The high frequency of this amplifier has been improved by a method 
called 

a- series compensation 

b. shunt peaking 

c, capacitive bypassing » 

4, At high frequencies > LI increases the 
a- capacitances of Co and Ci 

b, resistance of Rl 

c, " output impedance of Ql 

d, center frequency of Q2 
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USE THE DIAGRAM BELOW OF AN AC EQUIVALENT, TWO-STAGE VIDEO AMPLIFIER TO 
ANSWKR gUtSTIOKS 5, 6, AND 7. 




Figure 19 

5. Components L2-Cv form a ( parallel/series ) resonant circuit at 
(low/niijh ) frequencies, - 

6. At resonance, the purpose of L2-Ci is to ( decrease/increase ) the 

i - " 

impedance between Ql and IJ2, and to ( decrease/incre ase) the voltage 
developed across Cu 
7* In order to iwprove the amplifier's frequency response, the L2-Ci 

circuit should be tuned to a frequency which is the 

amplifier's high frequency half -porter point, 

a. above 

b. at 

L » 

c* below , 

j ' 255 ' 
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A LOGICAL TROUBLESHOOTING 
PROCEDURE, LEADS TO 
FAST TROUBLESHOOTING 
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1. 
2. 
3. 



b. stray capacitance 



low, shorts 

r 

ti. shunt peaking 
4. c. output impedance of QI 
1>. series, high 

6. decrease, increase 

7. a. aboye 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 21. 
OTHERWISE, GO BACK TO FRAME, 9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST' FRAME 16 AGAIW. 

You have learned how to improve the frequency response of video 
amplifiers at low and htyh frequencies by adding low frequency, shunts 
. and series- compensation circuits. Figure 20 shows an AC equivalent 
diagram of a video amplifier which includes all three types of compensa- 
tion circuits. 




Figure 20 

FULLY COMPENSATED VIDEO AMPLIFIER-EQUIVALENT CIRCUIT 
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In the fiyure, low frequency compensation is provided by R2-C1, At high 4 
frequencies, LI provides shunt peaking and L2 provide series peaking to 
extend the high frequency respbnse. These added inductor* *ave little 
effect on low frequency response since inductors have low reactance *l 
low frequencies. f " 



In Figure iiU, low frequency compensation is provided by components 
* a. LI and 12 

b. L2 and Cc 

c. K3 and Cc 
a, R2 artti CI 





C Hd and CI 




*f 
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©JP until now in this lesson, the high and low frequency compensation 
circuit-; have oeen shown in equivalent circuit form. Now let's place 
U.tt, 1.. an ^1 video amplifier circuit with biasing components present. 
Hyure 21 she , s c X two-stage video amplifier circuit from the NIDA trainer. 




OUTPUT 



Figure 21 

TWO-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT 
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tloth stages use a common-emi tter circuit arrangement* In the figure, 

interstage coupTThg o?^he video signal ii provided by capacitors CI, C2, 

and 14* These "capacitor have large values and help tp improve the low 

frequency response* In the collector circuits* you will find the shunt 

nigh frequency peaking coils LI and L3* These are c&nnected to the 

* 

ncrual collector loa4 resistors R5 and R12, respectively* The series 
hiyh frequency coils are L2 and L4* The output video signal from each 
staye passes through these two coils* As you Know, shunt peaking coils 
resonate with the output (CO) and input (Ci) equivalent capacitances* 
while the series peakincjjqoils resonate with the input capacity* These 
capacitances normally are^J^t r-hown on a circuit schematic diagram since 
the physical capacitors do not exist* However, the effects of the 
capacitances definitely exist! 

* 

If h'iyure iJl, the two components which provide high frequency series 
peakiny are and , . 



U, L4 
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^9^) Let's take another look at the two-stage video amplifier circuit 

shown in Figure 22 and examine the components which provide forward bias 
and emitter stabilization. 




\ 



OUTPUT 



Figure 22 

TWO-STAGE VIDEO AMPLIFIER -ACTUAL CIRCUIT , * 

•In the figure, Rl and R2 provide Class A forward bias for Ql as do R8 and 
H9 for l|2. Both of these forward bias networks are connected to R7 to 
complete the voltage divider from Vcc. R6 and R13 provide emitter 
stabilization for the transistors. Notice that R13 has a .bypass capacitor 
C3, whereas R6 does not. The unbiassed emitter in the first stage 
improves the low and high frequency response at the cost of some gain. 
The bypassed emitter the seconc' stage prevents signal degeneration and 
luis of gain. 
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In figure 22, Class A forward bias for Q2 is provided by components 

and , and emitter stabilization for Ql is provided by 

component i / 

RS, K!J, R6 
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Figure 23 

TWO-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT 



263 



258 



P *I- . . Thirty One-4 

21^ THIS IS A TEST FRAME . COMPLETE IHE TEST QUESTIONS AND THEN COMPARE 
YUUR ANSWERS WITH THE CORRECT ANSWERsJgIVEN AT THE TOP OF THE PAGE 
FULLUWING THE QUESTIONS. 

USE THE DIAGRAM BELOW BELOW OF A TWO-STAGE VIDEO AMPLIFIER CIRCUIT TO 
ANSWER QUESTIONS I THROUGH 5. 




\ 



Figure 24 

1. The tv/o components which provide series high frequency peaking are 
and ' , 
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2, R7 acts as a voltage divider between Vcc and which component networks? 

a, shunt compensation 

b, forward bias 

c, coupling 

d , decoupl ing 

3, Emitter stabilization is performed by which two resistors? 

4, The purpose of the R11-C6 network in the second stage 1s to 

a. decouple the signal from the power supply. 

b, improve the high frequency response, 

c. stabilize the forward bias to Q2, 

d, increase the output impedanoes&f Q2, 
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In the collector circuity R4-C5 and R11-C6 provide decoupling of the 
video signal, tach decoupling network provides the signal with a low 
iinpedaiice path to ground at the junction of the resistor and capacitor. 
This low impedance path serves to separate the signal from the DC power • 
supply, and keeps signal-related components out of the power supply. If 
the signal voltage entered the power supply and caused variations in V cc , 
the amplifier could oscillate instead of amplify. 

Kit) is in series with the signal path and the L2-Ci series high frequency 
compensation network, RIO acts to reduce the Q of this network and 
broaden its bandwidtli, R3 also is in series with the signal path. It 
performs the same, twe of function as RIO on the series compensation 
network which would be located in a previous stage. 

I/n^Kigure 23, K4-C5 and R11-C6 act to prevent the amplifier from (decoupling/ 
Oscillating), and R1U acts to ( narrow/broaden ) the bandwidth of the 
series compensation network. 



oscillating, broaden 
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1. L2, L4 

2. b. forward bias 

3. R6, R13 ^ 

4. a. decouple the signal from the power supply 



IF ALL YOUR ANSWtRS MATCH 60 ON TO TEST FRAME 28. OTHERWISE, GO BACK TO 
FRAME 17 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21 
AGAIN. - 




22y You know the frequency response curve ^nd component operation of the 
basic video amplifier. Now let's look at two methods for measuring the 
frequency response of a video amplifier circuit. These methods are 
useful in troubleshooting circuit problems* 

The first method uses the sweep frequency generator. You should recall 
fro.- the previous lesson that a sweep frequency generator provides a wide 
range of output frequencies* Figure 25 shows an equipment set-up for 
measurirty frequency response using the sweep frequency generator. 



SWEEP GENERATOR 




O'SCOPE 



Figure 25 

SWEEP FREQUENCY GENERATOR FREQUENCY RESPONSE TEST*"" 
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If you set the generator to sweep from 0 Hz to 10 MHz and apply this 
siynal to a video amplifier, you get a frequency response curve as shown 
on the CRT of the oscilloscope* The video amplifier will amplify each 1 
frequency according to its ability* The display on the CRT is an accurate 
indication of the video amplifier's frequency response curve- 
In Figure 25, the display on the oscilloscope is the video amplifier's 



frequency response curve 



\ 
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^23^) A technician can use the sweep frequency generator to test a video 
amplifier by comparing the actual frequency response curve to the normal* 
or expected* curve* As an example* Figure 26 shows both actual and 
normal frequency response curves for a test video amplifier. 
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ACTUAL 



FREQUENCY 



Figure 26 
ACTUAL VS NORMAL FREQUENCY RESPONSE 



In the figure, you can see that the actual Curve {shown by the solid 
line) displays less gain at low frequencies than indicated by the normal 
curve (shown by the dotted line). The technician would suspect some 
problem in low frequency responsk components* He then would check the 
coupling capacitors and low frequency RC network components for defects. 

The display in Figure it was produced by injecting a signal from a 
J ' generator into a test video anpl.ifier* 



sweep generator 
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24^) The second i.iethod for measuring the frequency response of a video 
di.vlifier circuit uses the square wave generator. This test method is 
less accurate than the one previously described, but is effective 1n 
trouDleshboting. Figure 27 shows an equipment set-up for measuring 
frequency response using the square wave generator. 

' / 




SQUARE WAVE GENERATOR 

Figure 27 

SgUAkt-VJAVE GtfJEkATUk FREQUENCY RESPONSE TEST 
This type of signal generator produces square shaped waveforms which are 
the input into a test video amplifier as shown in the figure. If the CRT 
an the oscilloscope accurately displays the square wave, the video amplifier 
is functioniny properly. Any distortion of the square wave signal indi- 
cates a lack in the frequency response for the video amplifier. 

in Fiyure the displays tffi the oscilloscope indicates 4 that the test 
video aj.ipl if ier 

a. is functioning properly 

d. iias a lack in frequency respor.se 



a. is functioning properly , 
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No doubt the question in your mind is "how does an amplifier's 
frequency response relate to its ability to accurately reproduce a square 
wave?" The answer requires a brief discussion about what frequencies make 
up a square wave. In theory, a square wave is the result of combining a 
basic sine wave frequency with an Infinite number of frequencies that are 
multiples of that frequency. The basic frequency is celled the fundamental 
frequency, and the multiple frequencies are all called the harmonics . In a 
square wave, the only harmonics we are interested in are the odd-numbered 
harmonics. For example, if the fundamental frequency is 10 kHz, the third 
harmonic equals 3 times 10 kHz, or 30 kHz, The fifth harmonic of 10 kHz equals 
b times 10 kHz, or 50 kHz, The square wave related to the fundamental frequency 
of 10 kHz i£ the waveform that results from combining 10 kHz with a large 
quantity of odd-numbered harmonic frequencies, 

A square wave is produced by combining a frequency with many 

of its odd-numbered frequencies, ^ 

fundamental , harmonic 
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RESULTANT 

Figure 28 
COMPOSITION OF SQUARE WAVE 

The left side of the figure shows the individual waveforms for the 



fundamental frequency, and for the tfrird*and fifth harmonics* The right 
side shows the combination of these frequencies* Notice that the figure 
closely resembles a square wave when only three frequencies are combined* 
In actual practice, an almost perfect looking square wave is produced by 
combininy a fundamental frequency with all the odd-numbered harmonics up 
through the Hist harmonic* Another way to say this is that a square wave 
is the combination of a fundamental and its first 10 odd-numbered har* 
monies* 

m yuod square wave can be produced by combining a fundamental frequency, 
with the first 10 ( even/odd )- numbered harmonics* 

udG 
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^27^ ;Jow that you know the composition of a square wave* let's see how 
it relates to the frequency response of a video amplifier* If a video 
amplifier can accurately reproduce a square wave signal * then it can 
amplify the signal's fundamental frequency and at- least the first 10 
odd-numbered harmonics* Thus any distortion of the square wave signal 
indicates that the vjdeo amplifier is not amplifying some of the frequenct 
wnich compose the square wave* The type of distortion produced by the 
amplifier relates to those frequencies which are not properly amplified* 
Figure 29 shows examples of good and distorted square wave reproductions* 



GOUD FREQUENCY RESPONSE POOR HIGH FREQUENCY POOR LOW FREQUENCY 

RESPONSE RESPONSE 

Figure 29 

5QUARE WAVE DISPLAY AND FREQUENCY RESPONSE 

A video amplifier which produces the left waveform in the figure has a 
good frequency response* If it produces the center waveform* there are 
proolems in the high frequency response. If it produces the right 
waveform* there are problems in the low frequency response* You will be 
usiny the square wave generator in the Job Program for this lesson to 
troubleshoot a video aiiipl ifier. 

268 2 7 3 



Thirty One-4 



The square wave display from a test amplifier appears as Figure 30 
below* 



Figure 30 

This indicates that the video amplifier's frequency response is poor 
at frequencies* 



low 
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(^) Tlllo lb A TLbT H<AME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE 
YUUk ANSWEKb GIVEN AT THE TOP .OF THE PAGE FOLLOWING THE QUESTIONS. 
USE THE FIGURE BELOW TO ANSWER QUESTION 1. 








Y 
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O'SCOPE 



Figure 31 * v 

I. You^re using this set-up to tesr. the frequency response for a video 
amplifier. In order to produce the display on the oscilloscope, the 
input siyna] no the amplifier comes from a piece of test equipment 
callea , . 

USE THE FIGURE BELOW TO AtibWER QUESTION 2. 




O'SCOPE 



Figure 32 

2* Yuu dre using this set-up to test the frequency response for a vi(ieo 
djuplifier. In enier to produce the display on the oscilloscope, the 
input signal to :ne amplifier cones from a fjiece of test equipment 
called a , ; 
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Figure 33 

A test video amplifier with poor high frequency response will 
reproduce a square wave that resembles which waveform? 

a, a 
c* c 
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1. square wave generator 

2. sweejj frequency generator 

3. b. b 



IF YJUK ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED LESSON 4, 

•huuull 3i. congratulations: if your answers do not hatch go back to frame 

Z2 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME .28 AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 
akSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL RLFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN KESTUOY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF 
YUU FEiL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, 
SLLLcT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF ttPPLlCABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU 
UN ANSWER ALL S'ELF- T EST ITEMS THE PROGRESS CHECI' CORRECTLY. , 
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( LtSSON 4 

Video Ampl ifiers 



host electronic equipment that produces a visual display on a Cathode Ray 
Tube (CRT) requires the use of video amplifiers. Examples of this type of 
equipment include radars^ television sets s and oscilloscopes* 

To amplify the types of signals used to produce visual displays^ a video 
amplifier must have a frequency response that will allow it to amplify a 
frequency from 0 S or a few Hertz s to about 5, or 6 MHz* The ideal video 
amplifier should be able to,amplify all these frequencies with equal gain s 
its bandwidth must be as wide as its frequency -response.. 



so 



The frequency response curve for an ideal video amplifier is shown in Figure 

i. { 
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FIGURE 1 

IDEAL VIDEO AMPLIFIER RESPONSE CURVE 



Amplifiers you have studied will not reproduce the low and high frequencies 
required of video amplifiers. Figure 2 shows the typical response curves for 
actual transformer coupled and resistance-capacitance (RC) coupled amplifiers. 



t TRANSFORMER COUPLING 
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• FIGURE 2 



RC COUPLING 



A 



10 100 I* 10* 100* 
Frequency — »■ 
tb) 



AMPLIFIER RESPUNSE'CURVES 
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Mb you can see, amplifiers with RC coupling provide a slightly wider bandwidth* 
However, even these amplifiers fall short of the wide bandwidth requirements 
fpr video dwpl ifiers* 

Fiyure 3 can be used to. show what limits the low frequency response of RC 
coupled ampl ifiers* 




FIGURE \3 

AC EQUI VALENT-RC COUPLEU AMPLIFIER 

X * 

The circuit in Figure 3 is a simplified schematic, of an RC coupled, two-stage 
amplifier, with bias voltayes anc some components omitted for clarity* In the 
figure, ti\e output of Ql is developed by RL* Therefore, the signal vditage 
fed to the input (^ase) of i}2 is equal to Jhe voltage across RL minus any 
signal voltage dropped by Cc* When the input frequency decreases , the voltage 
dropped across Cc twill increase dye to the increased capacitive reactance 
(Xc)* This leaves 1 less vol tage fel t across Rl and the base of Q2, thus 
reducing the overan gain at low *f requeneies* 

One ijietnod to compensate for this loss of gain is to increase the value of the 
coupling capacitor (Cc) in order to lower its impedance at low frequencies* 
However, 1 the coupling capacitor value is toe :arge, the circuit becomes 
unstable ^ would not work ai all* 'Fortunately , there is an ther way to 
compensate, for los* of low frequency gain as shown in the simplified circuit 
of Fi yure 4* 
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FIGURE 4 

r ■ 

AC EQUIVALENT - LOW FREQUENCY COMPENSATION CIRCUIT 



In the fiyure, CI and Rl have been added. At low frequencies, the Xc of 
CI is laryeenougft so that Gl acts as an open. Thus the parallel circuit 
Cl-Kl has an impedance equal to the the resistance of Rl, The load for 
Cjl then would equal the sum of resistances RL and Rl at low frequencies. 
This larger collector load impedance increases the gain, or output 
voltage, from the amplifier at these low frequencies* The'increased 
gain makes up for the voltage Ibss caused by Cc, At hi^. frequencies, 
the Cl-Kl circuit does not affect circuit gain because the reactance of 
CI decreases, and effectively shorts out Rl, Therefore, the gain from Ql 
returns to that produced by RL alone. 

The effect of low frequency compensation on the overall circuit frequency 
response is shown in Figure 5, 




0 FREQUENCY * 

FIGURE 5 

- LUW FREQUENCY COMPENSATION RESPONSE 
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In the figure* you will notice that the low frequency end of the curve has 
been extended beyond the original uncompensated curve. Although the technique 
of adding a parallel RC network in the collector circuit improves the low 
frequency response* it does not extend the response to the zero frequency 
point. A type ofamplifier coupling called DC (direct coupling) does notuse 
a capacitor between stages. You may remember this type of amplifier from the 
lesson on transistor voltage regulators, Module 30-2. A DC amplifier extends 
the low frequency response down to 0 Hz and is extensively used in integrated 
circuits. You will study more about integrated circuits in Module 34. 

Figure 6 can be used to show what limits high frequency response of video 
amplifiers. 



In any transistor circuit; there is a definite amount of stray capacitance 
present in both the input and output stages. This is due to a number of 
factors including proximity of wires, active device input/output capacity, 
printed circuit board foils,, etc. The input stray capacitance (Ci) and outout 
stray capacitance (Co) can be drawn into the basic circuit as shown in Figure 
6. The values of these equivalent capacitors are in the picofarad range. At 
high frequencies, Co and Ci have low impedances and act as signal shorts to 
ground. The stray capacity shunts the signal to ground and prevents them from 
being fully amplified. 

Since it is not possible to physically remove Co and Ci, they must be compensat 
ed for in "some way. 



INPUT 




AC EQUIVALENT - STRAY CAPACITANCE 
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Une method to compensate for high frequency signal loss is to place an 
inductor of the proper value in parallel with Co and Ci as shown in 
Figure 7. 




FIGURE 7 

"SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT) 



In tlie figure, Co, Ci, and LI form a parallel resonant circuit at high freqdeft^ 
cies where the frequency response would normally drop, Ce will not affect we 
operation of this resonant circuit since Cc appears as a short at high frequencies. 

In the amplifier, the addition of LI increases the output impedance of Ql ay 
liiyh frequencies because impedance in the parallel resonant circuit increases 
dt resonance. With this increased output impedance, the gain of the amplifier 
increases at high frequencies thus compensating for the losses that would *&> 
occur without LI, Since Ll is in parallel ("shunts" the input and output ( 
capacitance), this type of compensation is called s!iunt condensation , or sfltlnt 
peaking , A u 
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Figure 8 shows how shunt compensation improves RC coupled amplifier high 
frequency response* 




0 FREQUENCY 




t 0 FREQUENCY * 



FIGURE 8 

SHUNT HIGH FREQUENCY RESPONSE CURVES 



In Figure 8a* notice that the resonant curve of the shunt compensation circuit 
is higher in frequency than the original RC coupled amplifier curve* The wide 
bandwidth of the shunt compensation circuit occurs because the collector load 
(RL) lowers the resonant circuit Q and increases the bandwidth (using the 
formula BW - Fo/Q)* In Figure 8b, the overall frequency response curve is 
obtained by combining the original curve and the shunt compensation curve* 
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Shunt type compensation has improved the high frequency r-sponse of the basic 
video amplifier* However, this response still may not be high enough for some 
applications. The circuit can be further improved by adding an inductor in 
series with the signal path and Ci as shown in Figure 9* 




FIGURE 9 

"SERIES" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT) ' 



Series high frequency compensation uses the principle of series resonance to 
improve high frequency response* In the figure, L2 is in series with both Cc 
and Ci\ Since Cc acts as a short at high frequencies, the combination of L2 
and Ci form a series reso nant circuit to the signal path if the value of L2 is 
properly chosen* 'You recall" "that the voltage across a coil and capacitor in 
series is maximu m at resonance because impedance is at a minimum* Therefore, 
the voltage developed by Ci is maximum at Fo and will be felt across Rl and 
fed to the base of Q2* This method of^increasing amplifier gain is called 
series compensatio n, or serie s peakin g* 
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Figure 10 shows how series compensation further improves video amplifier 




SERIES HIGH FREQUENCY COMPENSATION RESPONSE 



In the figure, proper design of the resonant series compensation circuit will 
place Tts Fo above the frequency response of the combined original RC amplifier 
and shunt compensation circuits r The input voltage to the second amplifier 
stage in Figure'9 will receive a^'boost" when the signal frequency occurs 
within the bandwidth of the series compensation circuit. 

Figure 11 shows the resuji of combining ht low frequency compensation and both 
shunt and series high frequency compensations to the original video amplifier* 
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FIGURE 11 

COMPENSATED VIDEO AMPLIFIER RESPONSE 

§ 

As you can see, the total improvement (shown by the solid line) is significant. 
The frequency response for the fully compensated video amplifier is about 30 
Hz to 6 MHz. 2$5 
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Figure 12 shows a simplified diagram of a fully compensated video amplifier. 




FIGURE 12 

COMPENSATED VIDEO AMPLIFitR-EQUIVALENT CIRCUIT 

Low frequency compensation is provided by the R2-C1 circuit. High frequency 
compensation Is provided by both LI (shunt peaking) and by L2 (series peaking) 

Now that the high and low frequency compensation circuits have been presented 
in equivalent circuit form, let's place them into a real circuit. Figure 13 
shows the schematic diagram of a two-stage video amplifier as found in the 
NIDA trainer. 
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FIGURE 13 

2-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT 



The functions of components in this circuit now will be discussed* Rl and R2 
provide Class A forward bias for Ql f as do R8 and R9 for Q2* Both of these 
networks are connected to R7 to complete the "cltage divider from Vcc* R6 and 
R13 provide enritter stabilization* In the second stage, R13 is bypassed by C3 
to prevent degeneration and Itoss of gain. Notice that R6 is not/bypassed. 
This unbypassed emitter in the first stage provides improvement to the low and 
hiyh frequency response at the expense of some gain* 



V, 



Narrative 



Thirty One-4 



Interstate coupling of the video siynal is provided by CI, C2, and C4, These 
capacitors hdve larye values and help Improve the low frequency response. In 
the collector circuits, "the R4-C5 and Kll-Cfe networks provide decoupling of 
tne video siynal* Decoupl ing is a term that indicates the ?ignal sees a low 
ii.ipedance path t& yround at the junction of the resistor and capacitor. This 
low ihifiedunce path serves to separdce the citjnal path from the DC power 
supply, dhtl is necessary tu keep >iyiwl cujufionents out uf the supply. If the 
siynal vultdye s^'juld cause variations in Vcc, the amplifier could oscillate 
instead of amp] ify. 

Also in the collector circuits, you find the shunt high frequency peaking 
coils LI and L3 together with the norma 1 collector load resistors R5 and R12, 
The output video signal from each sta^e passes through the series high frequency 
peakiny coils 12 and L4, Of course, the series and shunt peaking coils 
resonate with the output (Co) and input (Ci) capacities which are not normally - 
shown on a circuit schematic diagram, 

R3 and K1U are in series with the signal path, RIO acts to reduce the Q of 
the Lii-Ci series compensation network and to broaden its bandwidth, R3 acts 
to perform a similar function in a previous amplifier stage, 

-tfuw let's look at two methods for measuring the frequency response'for a video 
amplifier. The first method uses a sweep frequency generator. The test set 
up is shown in, Fiyure 14, 




FIGURE 14 

VIDEO AMPLIFIER FREQUENCY RESPONSE TEST 

? 

Kecal i that a sweep frequency generator- provides a wide band of output frequen- 
cies. The generator can be set up to sweep from 0 Hz to 10MHz, and this 
si<;nal can be applied to a video amplifier. The output frequency response 
curve from the amplifier would resemble *he display on the oscilloscope in 
ri^ure 14, This display would accurate,^ indicate the amplifier's ability to 
ai^lify each frequency. 
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As an example of attest situation, assume the frequency response curve shown 
in Figure 15 is produced on the CRT of an oscilloscope. 
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FIGURE. 15 

ACTUAL VS NORMAL FREQUENCY RESPONSE 

In the figure, a technician can determine faulty components in the video 
amplifier circuit by comparing the actual frequency response . curve (solid 
line) with theexpected normal curve (dotted line). In this example, the 
actual curve indicates some defect in the low frequency response* components of 
the amplifier.- The technician would then proceed to check the coupling 
capacitors and low frequency RC network parts as likely suspects. 
. 

The second method for determining video amplifier frequency response uses a 
square wave generator. This type of generator produces sqilare shaped waveforms 
particularly suitable for testing frequency response. However, this method is 
less accurate than the method using the sweep generator. Figure 16 shows the 
te$t set-up for measuring vide6 amplifier frequency .response with a square 
wave generator. 




FIGURE 16 
SQUARE WAVE -AMPLIFIER TEST 



If a video^amplifier can accurately reproduce a square wave input signal, it 
has a good frequency response. Any distortipn *of the square wave Indice^es a 
problem in the amplifier. 
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The relationship between frequency response and the ability to reproduce a 
square wave is due to the types of frequencies which make-up a square wave. 
In theory, a square wave is* the result of combining a fundamental sine wave 
frequency with an infinite number of odd-numbered harmonic frequencies, A 
harmonic is just a multiple 'of the fundamental frequency. For example, the 
third haruonic for a fundamental frequency of 10 kHz is 30 kHz, and the fjfth 
harmonic is 50 kHz, * 

Hiyure 17 illustrates the composition of a square wave made by combining a 
typical fundamental frequency with its third and fifth harmonics. 
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FIGURE 17 
COMPOSITION OF SQUARE , WAVE 



In the fiyure, the individual frequency waveforms are on the left, and the 
coLioination waveform is on the right. Notice that a fairly good square wave 
results. In actual practice, the combination of a fundamental frequency and 
tne first 10 odd-numbered harmonics produces an excellent square wave. 
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How if a video amplifier can accurately reproduce a square wave signal, then 
it is capable. of amplifying the fundamental frequency snd at least the first 
10 odd-numbered hannonics. Thus, any t distortion of the square wave signal is 
a direct Indicator of a lack in frequency response. Examples of this situation 
are shown in Figure 18. ■ 0" 




GOOD FREQUENCY RESONSE 



POOR HIGH FREQUENCY 
RESPONSE 

FIGURE I 



POOR LOW FREQUENCY 
RESPONSE 



SQUARE WAVE DISPLAYS AND FREQUENCY RESPONSE 

( 

f 

In the, figure, a video amplifier with a good frequency response reproduces the 
square wave on the left. An amplifier which reproduces the center waveform 
has poor high frequency response. The waveform on the right indicates poor 
low frequency response. This test method. is simple and provides information 
suitable for troubleshooting video amplifier circuits. You will be given the 
opportunity to operate and trdubleshoot a video, ampl if ier in the Job Program 
for this lesson. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A- FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
■WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RE STUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF 
YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, < 
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDfO/VISUAL MATERIAL 
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



-291 



